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SUMMARY 
The hydrodynamic var iab les  behind t h e  primary 
AND NITROGEN 
/ and r e f l e c t e d  shock waves 
have been ca lcu la ted  f o r  shocked gas temperatures-up t o  100 OOOo K i n  argon and 
40 OOOo K i n  nitrogen. 
Single ion iza t ion  of atomic nitrogen w a s  assumed i n  t h e  ca l cu la t ions  of t h e  
thermodynamic proper t ies  of nitrogen. 
The i n i t i a l  pressure ranged from 10-6 t o  1 atmosphere. 
INTRODUCTION 
With t h e  advent of t h e  combustion and the e l e c t r i c a l l y  driven shock tubes ,  
extremely high shock wave v e l o c i t i e s  a r e  now obtainable i n  t h e  laboratory,  
thereby producing very high t e s t  gas temperatures. However, t o  f u l l y  u t i l i z e  
t h i s  hot gas f o r  research  purposes, t he  hydrodynamic va r i ab le s  behind t h e  p r i -  
mary and r e f l e c t e d  shock waves have t o  be known. The purpose of t h i s  r epor t  i s  
t o  present t hese  va r i ab le s  f o r  high shock v e l o c i t i e s  i n  pure argon and pure 
n i t rogen  i n  thermodynamic equilibrium. These two gases were chosen f o r  t h e  
following reasons. The behavior of nitrogen a t  high temperatures i s  s i m i l a r  t o  
t h a t  of a i r ,  i n  t h a t  both major cons t i tuents  of a i r  f i r s t  d i s soc ia t e  and then  
ion ize .  Therefore n i t rogen  i s  commonly used as  a t e s t  gas t o  eliminate t h e  ad- 
verse problems connected with oxidation. Use of pure n i t rogen  has t h e  f u r t h e r  
advantage t h a t  it permits t h e  study of t he  e f f e c t s  of d i s soc ia t ion  without con- 
s ide r ing  simultaneously t h e  e f f e c t s  of several  o ther  chemical reac t ions .  Sim- 
i l a r l y ,  by using argon gas, e f f e c t s  of ion iza t ion  r eac t ions  may be studied i n -  
dependently of t h e  e f f e c t s  of other reac t ions .  Also, because of t h e  higher 
molecular weight of argon, higher shock wave v e l o c i t i e s  a r e  obtained i n  shock 
tubes using argon as t h e  driven gas than  i n  those using a i r  for t h e  same i n i t i a l  
coilditions. 
The argon ca l cu la t ions  were made using the graphs of reference 1, wherein 
t h e  thermodynamic proper t ies  of argon a r e  presented f o r  temperatures up t o  
100 000' K and pressures up t o  LO4 atmospheres. 
The thermodynamic proper t ies  required for ca lcu la t ing  t h e  shock wave prop- 
e r t i e s  of ni t rogen  were computed along with the hydrodynamic var iab les .  The 
temperature l i m i t  w a s  taken as 40 000' K with no l i m i t  on t h e  pressure.  The 
ideal-gas en tha lp i e s  needed i n  the  calculations were taken from reference 2 f o r  
t h e  molecular ni t rogen and reference 3 f o r  atomic and ionized atomic nitrogen. 
The only  ionizat ion assumed i n  t h e  ca l cu la t ion  w a s  s ing le  ion iza t ion  of atomic 
ni t rogen.  For t h i s  reason, t he  ca lcu la t ions  a r e  expected t o  be less accurate  ' 
a t  t h e  higher temperatures. The temperature a t  which the inaccuracy begins 
depends on t h e  i n i t i a l  pressure.  For example, f o r  a n  i n i t i a l  pressure of 
atmosphere, s ing le  ion iza t ion  behind t h e  primary shock wave i s  complete (and 
double ion iza t ion  becomes s i g n i f i c a n t )  when the  primary shock temperature 
reaches 2 1  000' K (corresponding t o  (Symbols a r e  defined i n  appen- 
d i x  A . )  
higher Mach numbers are obtainable  before s ing le  ion iza t ion  i s  complete. Both 
the  d issoc ia t ion  and ion iza t ion  equi l ibr ium constants  required i n  the  ni t rogen 
ca lcu la t ions  were taken from reference 3. 
Ms > 28). 
For higher i n i t i a l  pressure,  higher  temperatures and correspondingly 
References 4 and 5 a l s o  ca lcu la te  t he  hydrodynamic va r i ab le s  behind normal 
shock waves i n  ni t rogen and argon. The r e s u l t s  presented he re in  d i f f e r  from 
those of reference 4 i n  t h e  following respec ts :  
(1) The thermodynamic proper t ies  used i n  reference 4 assume t h a t  t h e  n i t r o -  
gen d issoc ia t ion  and ion iza t ion  r eac t ions  a re  independent, while t h i s  r epor t  
assumed tha t  d i s soc ia t ion  and ion iza t ion  occur simultaneously. Reference 4, 
however, does take  i n t o  account t h e  double ion iza t ion  of atomic n i t rogen  atom, 
IT++, and therefore  should be more appl icable  a t  t h e  higher  temperatures than  t h e  
r e s u l t s  presented here in .  On t h e  o ther  hand, at the  high pressures  where t h e r e  
i s  a la rge  overlap of t h e  d i s soc ia t ion  and s ing le  ion iza t ion  r eac t ions ,  t h e  
r e s u l t s  presented he re in  should be more appl icable .  
( 2 )  The r e s u l t s  f o r  t h e  hydrodynamic va r i ab le s  a r e  nondimensionalized i n  
reference 4 with t h e i r  ideal-gas  values ,  bu t  i n  t h i s  r epor t  t hey  a r e  nondimen- 
s ional ized with t h e i r  values  ahead of t h e  primary shock wave. The l a t t e r  pre-  
sen ta t ion  i s  somewhat more convenient, i n  t h a t  no ideal-gas  ca l cu la t ions  need be 
made. 
form. Because of t h e  aforementioned differences ( e spec ia l ly  thr. f i r s t ) ,  t h e  
n i t rogen  da ta  presented he re in  should be use fu l  desp i t e  p r i o r  publ ica t ion  of 
reference 4. 
( 3 )  The r e s u l t s  i n  t h i s  r epor t  are presented i n  both t abu la r  and graphica l  
Reference 5 presents  t h e  hydrodynamic va r i ab le s  behind normal shock waves 
i n  argon f o r  temperatures up t o  20 000' K a t  i n i t i a l  pressures  of 0.1, 1, and 
10 mil l imeters  of mercury and an i n i t i a l  temperature of 300° K .  
t i o n s  were l imi ted  t o  s ing le  ion iza t ion .  This r e p o r t  may be considered an  ex- 
tens ion  of t h e  previous r e s u l t s  f o r  temperatures up t o  100 OOOO K f o r  a wider 
range of i n i t i a l  pressures  
These ca lcu la-  
to 1 atm), and f o r  mul t ip le  ion iza t ion .  
The o r  y 
The equations used for ca lcu la t ing  condi t ions behind t h e  shock wave i n  
nonideal gases a r e  der ived i n  a manner similar t o  t h a t  o€ references 6 and 7. 
I n  the following der iva t ions  the  subscr ip t  1 re fers  t o  t h e  i n i t i a l  condi- 
t i o n  ahead of t h e  primary shock wave, t h e  subscr ip t  2 refers  t o  conditions 
behind the primary shock wave, and t h e  subscr ip t  5 refers  t o  condi t ions behind 
2 
, 
t e primary shoc,, wave a f t e r  r e f l e c t i o n  from a closed end w a l l  i n  a shock tube.  
This no ta t ion  i s  depicted i n  t h e  following sketch: 
\ 
LPrirnary shock w a v e  
1 
LRef lec t ed  shock w a v e  
A shock f r o n t  moving with ve loc i ty  Us i n t o  a quiescent gas w i l l  impart 
a ve loc i ty  U2 t o  t h e  gas and w i l l  produce a dens i ty ,  p ressure ,  and temper- 
a tu re  p2, p2, and T2 determined by the  following conservation r e l a t i o n s  and 
t h e  equations of state : 
Conservation of mass : 
P&J, - u2) = Plus 
Conservation of momentum: 
2 
P 2  - P1 = Plug - P& - uz) 
Conservation of energy : 
1 1 2  - (Us - U2)' + hZ = - Us + hi 2 2 
Equation of state : 
p = pZRT 
From equat ion ( 4 ) ,  s ince  Z1 = 1: 
From equat ion (l), however, 
3 
Subs t i tu t ing  equation ( 7 )  i n  equation ( 6 )  gives 
From equations ( 7 )  and ( 2 )  
Equating equations (8) and (11) r e s u l t s  i n  
- RT1 USZ2RTZ 
us - u2 
usu2 = 
F r a m  equation (3)  
1 
h2 - hi + 3 U$ 
us = 
U2 
Subs t i tu t ing  equation (13) i n t o  equation (12) y ie lds ,  a f t e r  a lgebra ic  manipu- 
l a t i o n ,  
4 
U2 + ZU$ (ZzRT2 + RT1) - 4(h2 - hi)' + 4(h2 - h l ) ( Z Z R T z  - RT1) = 0 (14) 
Therefore, 
u2 = - ( Z ~ R T ~  + R T ~ )  + Z2RT2 + RT1) 2 + 4(h2 - hl) 2 - 4(h2 - h l ) ( Z z R T z  - RT1) 
(15) 
3 
'1 r e s u l t s  i n  Subs t i tu t ing  Z l R T l  = - a: and - hl = c P = 
Y 1  RT1 K y1-I 
4 
Dividing equation (13) by a1 gives the  shock Mach number 
- -  h2 1 
MS 
h l  
U2 
1 “2 + - -  
2 a, I 
2 From equation (11) and a1 = ylpl/pl 
The dens i ty  r a t i o  i s  found from equation (4 )  
2 Equation (16)  gives U2 as a funct ion of Z2, T2, h2, and t h e  i n i t i a l  con- 
d i t i ons .  If t h e  shock ve loc i ty  i s  low such t h a t  t h e  gas can be considered an 
i d e a l  gas (Z2 = 1) , then t h e  enthalpy 
Therefore, T2 and consequently h2 can be specif ied and U2, M2, p2, and p2 
ca lcu la ted  using equations (16)  t o  (19), respect ively.  
ve loc i ty  i s  high enough such t h a t  the  in t e rna l  degrees of freedom of the  gas 
p a r t i c l e s  a r e  exc i ted  and d issoc ia t ion  or ionizat ion occur, then t h e  gas en tha l -  
py h2 i s  no longer a l i n e a r  function of temperature, and equations (16) t o  
(19) have t o  be solved using real-gas thermodynamic propert ies .  
h2 i s  a l i n e a r  funct ion of temperature. 
However, i f  t h e  shock 
Reflected Shock Wave 
The aforementioned equations f o r  conditions behind t h e  primary shock wave 
can be e a s i l y  r ewr i t t en  i n  terms of conditions behind t h e  r e f l ec t ed  shock wave. 




= -  (" &1 - ")" W l  Z2T2 
t 
The pressure r a t i o  i s  given by 
+ 1  
The densi ty  r a t i o  is  given by 
p5 - P5Z2T2 
'2 P2Z5T5 
- -  
and t h e  r e f l ec t ed  shock ve loc i ty  i s  
Procedure 
The primary and r e f l e c t e d  shock hydrodynamic var iab les  were calculated f o r  
an i n i t i a l  temperature TI of 300° K and i n i t i a l  pressure p1 ranging from 
10'6 t o  1 atmosphere. The procedure w a s  t o  pick t h e  temperature T2 behind t h e  
primary shock wave and ca lcu la te  a l l  other  unknown var iab les  f o r  each given 
i n i t i a l  pressure. 
follows. A value fo r  t h e  pressure p2 behind the  primary shock w a s  f i r s t  
assumed. With T2 and p2 spec i f ied ,  t h e  thermodynamic var iab les  Z2 and h2 
were taken from the  thermodynamic cha r t s  i n  reference 1 f o r  argon and ca lcu la ted  
by t h e  procedure out l ined i n  appendix B f o r  nitrogen. 
and p2/p were calculated using equations (16) t o  (19), respec t ive ly .  If the  
value of &he assumed p2 
l a t e d  value for 
they  d i d  agree. 
For the  primary shock wave t h e  i t e r a t i o n  procedure was as 
Then U z / a l ,  Ms, p2/p1, 
did not agree t o  within 0.1 percent with the  calcu- 
p2, another value was assumed and t h e  process repeated u n t i l  
The temperature T2 was chosen i n  increments of 1000° K beginning a t  
2000' K. 
40 000' K for nitrogen. The pressure p2 w a s  l imi ted  t o  lo4  atmospheres f o r  
argon. 
t i o n s  behind t h e  r e f l ec t ed  shock wave were calculated.  
assume a value f o r  t h e  enthalpy behind t h e  r e f l e c t e d  shock 
t h e  r e f l ec t ed  shock pressure p5 using equation ( 2 1 ) .  Next t h e  thermodynamic 
var iables  Z5 and T5 corresponding t o  p5 and t h e  assumed enthalpy h5 were 
The upper l i m i t  on the  temperature was 100 000' K f o r  argon and 
After t he  conditions behind t h e  primary shock wave were found, t h e  condi- 
The procedure w a s  t o  
h5 and ca lcu la te  
6 
found. For argon, Z5 and T5 were taken from t h e  thermodynamic cha r t s  of 
referknce 1. For nitrogen, Z5 and T5 were found by i t e r a t i n g  using p5, t h e  
'assumed enthalpy, and t h e  equations i n  appendix B. Once Z5 and T5 were 
found, equation (20)  was used t o  computeBU5 - U ~ ) / a l ] ~ .  The cor rec t  r e f l e c t e d  
shock conditions correspond t o  
was  not within 0.1 percent of U z / a l ,  another value of h5 was assumed and t h e  
process repeated. 
r e f l e c t e d  shock wave were the  same as f o r  the primary shock, namely, 100 000' K 
f o r  argon and 40 OOOo K f o r  nitrogen with pressure 
spheres f o r  argon. The argon ca lcu la t ions  were performed using a desk calcu- 
l a t o r ,  while t h e  ca lcu la t ions  f o r  nitrogen were done on an IF24 7094 computer. 
The constants required f o r  t he  calculat ions a re  given i n  t a b l e  I. 
U5 = 0. Therefore, if' t h e  r a t i o  (U5 - Uz)/al  
The upper l i m i t s  on t h e  temperature and pressure f o r  t h e  
l i m i t s  of lo4  atmo- p5 
RFSULTS APJD DISCUSSION 
The hydrodynamic var iab les  behind t h e  primary and r e f l e c t e d  shock wave are 
presented as a func t ion  of t h e  primary shockMach number i n  f igures  1 t o  1 2  f o r  
both argon and ni t rogen and a l s o  i n  t ab le  I1 f o r  nitrogen. I n  t h e  figures, t h e  
curves were drawn through a l l  calculated data  poin ts .  
wriggles i n  t h e  curves f o r  argon may be due t o  inaccuracies i n  t h e  thermodynamic 
proper t ies  used f o r  argon, which were read as accura te ly  as possible  from t h e  
graphs presented i n  reference 1. A f e w  percent e r r o r  could r e s u l t  from this  
reading . 
Some of t he  minor 
I n  f igures  Z(b), 3 (b) ,  and 5(b) ,  only one curve i s  drawn f o r  t h e  pressure,  
enthalpy, and ve loc i ty  r a t i o ,  respect ively,  behind t h e  primary shock wave i n  
argon because the re  was no s ign i f i can t  e f f ec t  of i n i t i a l  pressure f o r  these  
r a t i o s .  
The accuracy of t h e  aforementioned r e s u l t s  depends pr imari ly  on the  ac- 
curacy of t h e  data on t h e  thermodynamic propert ies .  I n  the  ca lcu la t ion  of t h e  
thermodynamic proper t ies  (both i n  ref. 1 f o r  argon and i n  t h i s  repor t  f o r  
ni t rogen) ,  inaccuracies a r i s e  from the  neglect of t h e  i n t e r p a r t i c l e  force and 
t h e  method by which t h e  sum over the  energy s t a t e s  i n  t h e  p a r t i t i o n  funct ion i s  
terminated. (The a s s m p t i o n  t h a t  t he  gas i s  a m i x t u r e  of pe r f ec t  gases implies 
t h a t  t he  i n t e r p a r t i c l e  force  is  negl ig ib le . )  Reference 1 discusses these two 
assumptions f o r  argon and concludes t h a t ,  except f o r  extremely high dens i t i e s ,  
t h e  percent e r r o r  introduced should be small. Similar ly ,  it is  expected t h a t  
t h e  percent e r r o r  introduced from these two as s -ap t ions  would be s m a l l  f o r  t h e  
ni t rogen thermodynamic propert ies .  
I n  add i t ion  t o  the  previous assumptions, t h e  thermodynamic proper t ies  of 
ni t rogen were ca lcu la ted  by neglecting ionizat ion of N 2  and N'. Since t h e  
inc lus ion  of these  reac t ions  may be thought of as energy s inks,  t he  calculated 
shock temperatures are probably too  high at  the  highest  shock Mach numbers. 
i s  estimated, however, t h a t  t he  inclusion of these  reac t ions  would a f f e c t  t h e  
r e s u l t s  presented by l e s s  than 10 percent (general ly  by much less than t h i s )  f o r  
t h e  primary shock Mach numbers l e s s  than 26. 
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a ve loc i ty  of sound, f t / s e c  
spec i f ic  heat  a t  constant pressure,  cal/(mole) (OK) 
dissoc ia t ion  energy of molecular nitrogen, cal/mole 
cP 
D N ~  
H i  ideal-gas enthalpy of ith cons t i tuent ,  cal/mole 
h enthalpy of gas, cal/mole 
ion iza t ion  energy of atomic ni t rogen,  cal/mole 
KD d issoc ia t ion  equilibrium constant ,  cal/mole 
Ki ion iza t ion  equi l ibr ium constant ,  cal/mole 
M 
Mi molecular weight of i th cons t i tuent ,  g/mole 
molecular weight of gas,  g/mole 
Ms shock Mach number 
Ni number of moles of ith cons t i tuent  
No number of moles o r i g i n a l l y  present  
Nr t o t a l  number of moles present  
P pressure,  a t m  
R 
T temperature, K 
U veloci ty ,  f t / s e c  
UR r e f l ec t ed  shock ve loc i ty ,  f t / s e c  
'i 
universal  gas constant ,  (cu em) ( a t m )  /(mole) (OK) 
0 
mole f r a c t i o n  of i t h  cons t i tuent  
Z compr e s s i b  ili t y f a c t  or 
a degree of d i s soc ia t ion  
P degree of ion iza t ion  
Y i sen t ropic  exponent 
8 
p , dens i ty  of gas, g/cu em 











r e f e r s  t o  equilibrium conditions 
r e f e r s  t o  e l ec t ron  
r e f e r s  t o  n e u t r a l  atomic nitrogen 
r e f e r s  t o  atomic nitrogen ion  
r e f e r s  t o  molecular nitrogen 
r e f e r s  t o  primary shock wave 
conditions ahead of primary shock wave 
conditions behind primary shock wave 
conditions behind r e f l e c t e d  shock wave 
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APPENDIX B 
EQUATIONS FOR OBTAINING COMPRESSIBILITY FACTOR Z AND 
ENTHALPY H OF NITROGEN GAS 
It i s  assumed t h a t  t he  gas i s  a mixture of i d e a l  gases and t h a t  ion iza t ion  
occurs only t o  atomic ni t rogen species .  Therefore, t he  only chemical reac t ions  
occuring are 
A t  equilibrium, the  following r e l a t i o n s  hold where pe = pN+ 
n 
- 
- pN2 + pN + 2pN+ 
where KD and K i  a r e  t he  d i s soc ia t ion  and ion iza t ion  equilibrium constants ,  
p t he  t o t a l  pressure of t h e  gas, p ~ ~ ,  pN, pN+, and pe- a r e  the  p a r t i a l  
pressures  of 
(Bl) f o r  p and equation (B2) f o r  pN+ and then  s u b s t i t u t i n g  i n  equation 
(B3) r e s u l t s  i n ,  a f t e r  s impl i f ica t ion ,  t he  following fourth-order  polynominal 
i n  p ~ :  
N 2 ,  N, N+, and t h e  e lec t rons ,  respec t ive ly .  Solving equation 
N2 
For a given temperature and pressure,  equations (B4), (BZ), and (Bl) may 
be solved fo r  pN, pN+, and pNz. Then t h e  mole f r a c t i o n  can be ca lcu la ted  
from 
The molecular weight i s  (neglec t ing  the  e l ec t ron  mass) 
M = XNMN + XN+MN + X N ~ M N ~  (B6) 
The compressibi l i ty  f a c t o r  i s  
Subs t i tu t ing  Xe- = XN+ and He- = - 5 RT 
2 
+ 2 RT) (B9) 
2 
i s  the  d issoc ia t ion  energy of N2 and IN is  the  ion iza t ion  energy 
w a s  taken from r e f -  
where DN2 
"2 
of N. The ideal-gas  enthalpy f o r  molecular ni t rogen 
erence 2 ,  and the  ideal-gas  enthalpies  HN and HN+ along with the  d i s -  
soc ia t ion  and ion iza t ion  equilibriums KD and K i  were taken from reference 3. 
I n  t h e  temperature regions where e i t h e r  one of t h e  chemical r eac t ions  can 
be considered negl ig ib le ,  t h a t  i s ,  a t  the  temperature where P N 0 and the  
higher temperature where a - 1, tl!e equations f o r  t he  compressibi l i ty  f a c t o r  
and the  mole f r a c t i o n s  may be found as follows: 
Consider t h e  two chemical reac t ions  occurring i n  the  gas 
N 2 N  
If o r i g i n a l l y  t h e r e  were 
soc ia t ion  a i s  
NO moles of nitrogen molecules, t he  degree of d i s -  
NO - NN2 
a =  
NO 
where N N ~  i s  the  number of moles of molecular ni t rogen present.  Therefore, 
Nn2 = N o ( l  - a )  
and t h e  number of moles of atomic nitrogen present i s  
Now if o r i g i n a l l y  the re  were 
of i on iza t ion  would be 
NON moles of atomic ni t rogen present ,  t he  degree 
NON - NN 
P =  
NON 
11 
Therefore, t h e  number of moles of atomic ni t rogen NN i s  
NN = N o N ( 1  - P )  
Since the  only source of ni t rogen atoms i s  from t h e  d i s soc ia t ion  of molecular 
nitrogen. 
N = 2aNo 
ON 
Theref ore ,  
NN = ZaNg(1 - P )  
NN+ = Ne- = ~ C L N O P  
where NN+ i s  t h e  number of atomic n i t rogen  ions and Ne- i s  t h e  number of 
e lec t rons  present  i n  t h e  gas. 
The t o t a l  number of moles present  i s  
NT = NNz + NN + NN+ + Ne- 
= N , ( l  + a + 2 a p )  
Therefore, t h e  compressibi l i ty  f a c t o r  i s  
and t h e  mole f r ac t ions  a r e  
xN+ = xe- = 
With t h e  mole f r ac t ion ,  t h e  enthalpy may be ca lcu la ted  using equation (B9). 
I n  the previous equations,  CL and P may be found from t h e  l a w  of mass 
ac t ion  by considering each r eac t ion  separately.  Then 
=r- P + K i  
which a r e  funct ions Of temperature and pressure only. 
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TABLE I. - VALUES OF CONSTANTS USED I N  CALCULATIONS 
Constant 
Dissociation energy, cal/mole 
Enthalpy of gas ahead of primary shock wave, h i ,  cal/mole 
Ionizat ion energy of atomic ni t rogen,  I ~ ,  cal/mole 
Molecular weight, g/mole 
Temperature ahead of primary shock wave, TI’ OK 
Isentropic  exponent ahead of primary shock wave, rl 
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i z o o o  
id500 
23000 
' 3 5 0 C  
24000 
24506 
i 5 G O C  





























i 9 5 0 0  
CornRress- 











1 - 9 8 0 E  00 
Z.Ol6k 00 
L .044 t  C C  
L.07Ot 00 
2.133E 00 
2.L34t  00 
2.386E 00 
2 .5SBt  00 
2.8t3E 00 
3.153E 00 
3 - 4 2 0 E  00 
3.626t  00 
3.17LE 00 
3 - 8 6 3 E  00 
3.517E 00 
3.949t 00 
3 -568E OG 
3.979E 00 ~~ 
3.987E 00 
3 . Y 5 I E  00 
3.954E 00 
3.9566 00 
3 . 9 S l t  G O  
3.598E O C  
3.958t 00 
3.955E GO 






4 . O C O E  00 
4 . O O O E  00 









4100OE U 0  
















4.0oot  GO 
4.000t 00 
4 . O C O E  00 
4.OOOE oil 
4.000E 00 
4.0aut  00 
4.000E 00 
4.0COE 00 



















I .  03 I E  -01 
6.038E-02 
3.546E-OL 












2.2 I l E - 0 4  
1.6986-04 









































P r i r a r :  shock 
~ ~~ 
4.4586-06 
2 . Y O I E - 0 5  
1 .218E-04 
3.72ZE-04 







































































Pressu re  








3.679E 02  
4.217E 0 2  
4.448E 0 2  





5.956t 0 2  
6.437E 0 2  
6.902E 0 2  
7.L9IE 02 
7.571E 02 
7.751E 0 2  









8.181E 0 2  ~~ 
d.205E 02 
8.22LIE 02 




8.344E 02  
1.367E 0 2  
8.390E 02 
8.413E 0 2  
8.436E 02 
8.459E 0 2  
d.481E 02 
8.504E 0 2  
8.526E 02 
b.549E 0 2  
8.571E 0 2  
8.5Y4E 02 
8.616E 02  
8.639E 0 2  
8.661E 0 2  
8.683E 0 2  
8.106E 0 2  
8.728E 02 
8.750E 02 
8.772t 02  
8.794E 0 2  
8.817E 02 
8.839E 02 
8.861E 0 2  
8.883E 0 2  
8.905E 02 
8.927E 02 
8.949E 02  
8.971E 02 
8.992E 02 
9.014t 0 2  
9.036E 02 
9.058E 0 2  
9.08OE 02 
9.101E 0 2  
9.123E 02 
9.145E 02 
9.166E 0 2  
9.207E 02 
9 . 1 8 8 ~  02 
D e n s i t y  
r a t i o ,  





1.008E 0 1  
1.223E 01  
1.226E 0 1  
1.121E 0 1  








6.887E C O  




4.742E 00  
4.531E 00 
4 .354E c o  
4.20CE C O  
4.062E 00  
3.937E 00 
3.821E 00 
3.713E C O  
3.613E 00 
3.519E 0 0  
3.430E 00 
3.346E c o  
3.267t 0 0  
3.192t 00 
3.121E C O  
3.053E CO 
2.989E CO 
2.927E 0 0  
2.868E 00 
2.812E 00 
2.758E C O  
2.707E C O  
2.658E 00 
2.610E 00 
2-565E 0 0  
2 .521E 00 
2.479E 00 
2.439E 00 




2.257E C O  
2.225E 0 0  
2.193E 00 
2.163E 0 0  
2.133E 0 0  
2 . 1 0 4 E  00 
2.077E 0 0  
2-050E C O  
2.024E 00 
1.999E G O  
1-974E O C  
1.950E C O  
1.927E 00 
1.904E 00 
1 - 8 8 3 E  00 
l . 861E 00 
1.840E 00 
1.82Ot 00 
1.801E c o  
1.78IE 00 
1 -163E 00 
1.744E 00 
1.726E 00 
Entha lpy  
r a t i o ,  





2.715E 0 1  
4.22RE 01 
5.769E 01 
6.64bE 0 1  
7 . 0 5 1 ~  n i  
7.318E 01 
7.599E 01 




l.05LE 02  
1.138F 02  
1.215E 0 2  
1.L77E 0 2  
1.323F 0 2  
1.356E 02 
1.381E 02  
1.401E 02  
1 . 4 1 n ~  02 
1.433E 02  
1.447E 0 2  
1.4hlE 02 
1.414E 02  
1.487E 02 
1 . 5 0 0 ~  0 2  
1.513E 0 2  
1.526E 02  
1.5396 02  
1.552E 0 2  
1.565E 02 
1.578E 02  
1.591E 0 2  
1.603E 02  
1.616E 02 
1.629E 02  
1.642E 0 2  
1.654E 02  
1.667E 02  
1.680E 02  
1.693E 02 
1.705E 0 2  
1.718E 02  
1.731E 0 2  
1.744E 0 2  
1.756E 02  
1.769E 02  
1.7M2E 0 2  
1.794E 02  
1.807E 02  
I.82OE 0 2  
1.833E 0 2  





1.909E 0 2  
1.921E 0 2  
1.934E 02 
1.946E 02  
1.95YE 02  
1 . 9 7 2 ~  02  
1.984E 0 2  
1.997t 02  
2.01OE 02 
2.022E 02  
2.035E 02 -..~ ~ ~- 
2.047E 02  
2.OhOt 0 2  
2.073E 02  
2.085E 02 
TAELE 11. - HYDRODYNAMIC 
(a) I n i t i a l  pressure, 
P a r t i c l e  
speed  to 
i n i t i a l  









1.692F 01 ~~ 
1.714E 01 
1.738E 01 
1 . 7 6 2 ~  n i  
1 . 8 0 4 ~  ni 
1.8hOE 01 
1.92hE 01 
1 . 9 9 3 E  01 
2 . 0 5 1 ~  01 
7 . 1 2 0 ~  01 
2.092E 01 
2.113E 0 1  
2.119E 01 
2.114F 01 
2 . 1 0 7 ~  01 
2.100E 01 
2.092E 01 
2 . 0 8 5 ~  01 




2.041F 0 1  
2.039E 01 
2 . 0 3 7 ~  n i  













1 . 9 7 7 ~  n i  
1 . 9 1 3 ~  n i  
1.871E 01 
1.R62E 0 1  
1.854E 0 1  
1.845E 01 
1.837E 0 1  
I -RZRE 01 
1.819E 01 
1.807E 01 
I.ROE n i  













1.662E 0 1  




7.395F o n  
8 . 1 ~ 3 ~  on  
1 . 4 4 1 ~  n i  
9 . 3 4 1 E  00 
1.14YE 0 1  
l .hM9F 01 
I . R l h F  0 1  
1.A71F 01 
2.R41E 0 1  
2.d60E 01 
2 . ~ 7 8 ~  n i  
3.797E 01 
3.170F 01 
3.368F 0 1  
3.3YZE 01 
3.441F 01  
3.4h6E 0 1  
3 . 3 4 4 ~  n i  
3 . 4 1 6 ~  n i  
3 . 4 9 2 ~  n i  
3 . 5 1 8 ~  n i  











3 . 6 7 4 ~  n i  
3 . 7 3 7 ~  n i  
3 . 8 5 7 ~  n i  
3 . 9 5 1 ~  n i  
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SHOCK VARIABLES FOR NITROGEN GAS 
0 . 0 0 0 0 1  a tmosphe re  
R e f l e c t e d  shock 
R a t i o  o f  
r e f l e c t e d  
o i n i t i a l  










5.128t  0 3  
5.464E 0 3  
5.3426 03 
5.201E 0 3  
5.111E 03 
5.051E 0 3  
5 -125E 03 
5 . 2 8 1 ~  03 
5 . 4 l b t  a3 
5-617E 0 3  
5.644E 03 
5.528t 03 
5.402E 03  
5.388E 0 3  
5.358E 03 
5.278t 0 3  
5.151E 03 
5.023E 03 
4.914t 0 3  
4.788t 03 
4 .683E C3 




3-960E 03  
3.891E 0 3  
3.825t 01 
3-764E 0 3  
3 -700E 03 
3.643E 03 
3.577E C3 
3.530E c 3  
3.480E C3 
3.423t 0 3  
3.38Ot C3 
3.3376 0 3  
3.287E 03 









3 . 2 0 8 ~  03 
2.747E 0 3  
2.718E 03  
i - 6 8 9 E  03 
2.667E 03 
2.644E 0 3  
2.616E C3 
2.594E 03 
2 -514E 03  







R e f l e c t e d  
3i:ock t e n -  
p e r a t u r e  
r a t l o ,  
Tg / T I  
1.243.k 01 
1.395E 01  
1.480E 01  
1.552.E 01  
i.64EE 01 




3.423E 0 1  
3.482E 01 
3.532E 0 1  
3.671E 01 
3.789E 01 







9.384t  01 
I.OU7t 02  
1.053E 02 
1-090E 02 
1.119E 02  
1.145E 02 
1.167E 02  
1.1886 02  
1.209t  02  




3 . 5 8 2 ~  01 
1 .228~  02  
~- 
1.3L2E 02  
1.340E 02  
1.359E 02  
1.371E 02 
1.396E 02 
1.413E 02  
1.430E 02  
1.449E 0 2  
1.4656 0 2  
1 . 4 n z ~  02  
1.502E 0 2  
1.517E 02 
1 -534E 0 2  
1.551E 02 
1.568E 02 
1.585E 02  
1.602E 02 
1-621E 02 
1.636E 02  
1.652E 02 
1.669E 0 2  
1.685E 02 
1.701E 02  
1.718E 02 
1.731E 02  
1.751E 02 
1 -767E 02  
1.183.E 02  
1.799E 02 
I . 8 1 4 E  02 
1.831E 02 
1.849E 0 2  
1 - 8 6 L E  02 
1.878E 02 
1 .909 t  02 
1.9L4E 02 
L.94OE 02  
1.958E 02 
1 - 9 6 9 E  02  
I - 9 1 5 t  02 
1 . ~ 1 9 3 ~  02 
R e f l e c t e d  
shock  den-  
s i t y  r a t i o .  
-~ 
2.413E 01 








6.847E 0 1  
6.417t 01 






5 .812~  01 
3.203E 01 




1.279E 01  
1.193E 01 
1.127E 01  
1.070E 01  
1.023E 0 1  
9.785E 00 
9.420E 00 















































N e f l e c t e 3  
shock en -  
1.520E 0 1  
1.893E 01 
2.230E 0 1  
2.598E 01 
3.192E 01 





9.771E 01  
9.995E 0 1  
I . 0 Z I E  0 2  ~~ 
1.059E 0 2  
1.110t  0 2  
1.172t 0 2  
1.243.E 0 2  
.315E 0 2  
-386E 0 2  
-466E 0 2  
.594E 0 2  
-708E 0 2  
.786E 02 
.838E 02 
- 8 7 4 E  0 2  
.P01E 0 2  
.923E 0 2  
.943E 0 2  
.960E 0 2  
-976E 02 
1.991E 0 2  
2 -006E 0 2  
2.020E 02 
2.035E 0 2  
2.049E 02  
2.062E 0 2  
2.077E 0 2  
2.090t  02 




2.158E 02  
2.172E 02  
2.185E 02 ~ . .  ~ ~ 
2.198t 02  
2.211E 0 2  
2.2L4E 0 2  
2.237E 02  
2.250E 02  
2.262E 0 2  
2.275E 0 2  
2.288E 0 2  
2.301E 0 2  
2.313E 0 2  
2.326E 02  
2.3386 02 
2.351E 02  
2.363E 02  
2.376E 02  
2.4OOE 02  
2.4126 02 
2.425E 02  
2 - 4 3 7 t  02 
2.449E 02 
2.461E 02 
2 . 3 8 8 ~  02  
2.473E 0 2  
2.485E 02 
2.496E 0 2  
2 . 5 0 8 ~  0 2  
2.520E 02  
2.531E 0 2  
2.543E 0 2  
2.555E 0 2  
2.566E 0 2  
2.577E 0 2  
R e f l e c t e d  
s h o c k  sneed 
t o  i n i t i a l  
































1 . 3 4 8 ~  01 
1.368E 01 









1.569E 01  






1.687E 0 1  
1.704E 01 










1 . 4 9 8 ~  0 1  
1 . 8 8 4 ~  01 






1.994E 01 .  ~ 









C o m r e s  s - 
i b i l i t y  
































































































4.05 LE -01 








































2.645E -0 7 
2.3 84E -07 
2.123E-07 
I .  937E -07  
1 .75 lF -07  
1.602F-07 
1.453E-01 







5.215f  -OR 
4.470E-OR 
2 . 9 5 4 ~ - 0 6  
I . 6 2 1 ~ - 0 6  
9 . 6 8 6 ~ - 0 n  
7.451~-r18 















4. I I ZF-11 
8 . 1 7 6 ~ - n 5  
~ . o ~ Y F - J ~  
i . 72b  t -n  1 
3 . 5 4 6 ~ - 0 1  
4 . 6 0 2 ~ - n i  
4 . 9 2 3 ~ - n i  
5 .non~-o i  
5 . o o o ~ - n i  
~ . O O O F - O ~  
5. OOOE -01  
5.0nn~-01 
~ . O ~ O E - O I  
~ . O O ~ E - D I  














~ . O O O F - O I  
5 .ono t -n i  
5. o n o ~  -01 
5 . 0 0 0 ~ - 0 1  
~ . n o o ~ - n i  
5 . 0 o n ~ - n i  
5. oooE-ni 
~ . O O O F - ~ I  
5 . o o o t - n i  
5 .0no t -n i  
5 . o o o ~ - n i  
~ . o ~ o E - ~ I  
5 . 0 0 0 ~ - O L  
5 .nnn f -01  
5 .  n o w - n i  
~ . O O O F - ~ I  
5. onof-ni  
5 .  nnot - n i  
5. o o n ~  -01 
5 . non~  -01 
~ . O O O F - O I  
5 . n o o ~ - n i  
5 . n o n ~ - n i  
~ . O O ~ F - O I  
5. o n n ~ - n i  
~ . O O ~ F - O I  
~ . O O ~ E - O I  







5 .00OF-01  
5. OOOF -01 
Ter-per- 
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TABLE 11. - Continued. HYDRODYNAMIC 
( b )  Initial pressure, 







2 o o c  
2 5 0 0  










8 0 0 0  
6500 
9000 
5 5 0 0  













1 6 5 0 0  






1 0 5 0 0  











r 6 5 0 C  
C- 7000 
‘7500 
‘ 8 0 0 0  





















4 o o o c  







z 2  








1 . 5 2 9 t  00 
1 . 1 7 ~ t  a 0  
1 .925t  00 





2.210t 0 0  
2.321E 00 
2.46SE O C  
2.641t 00 
L . 8 4 l t  00 
3 .061t  00 
J.LIbE 00 
3 .467t  00 
3.737t 00 
3.878t 00 
3 . L l 7 t  00 




3 . 9 8 4 ~  oa 
3.988E 00 
3 . 6 2 1 ~  a0 
3 . n ~ u t  00 
3 . 9 S I E  G O  
3.9536 00 





3.9S9t o c  
3.94Yt 00 
3.95YE 00 






4 . O C O t  00 






4 . O C O E  00 
4.000~ a 0  
4.000E 00 
4.OCOt 00 
4 . O C O t  00 
4.0CCt 00 
4 . 0 C C E  00 
4 . 0 C O t  00 
4 . O C C t  00 
4.UOOt UU 
4 . C C O t  00 
4.000t 00 
4.000t  00 
4.1)OOE 00 
4 . O O O t  00 
4.0OCE 00 
4 . O O C t  00 





3 . 4 1  7E-Ob 
1.6336-04 
2.3M6t-03 
1 - 6 3 0 t - 0 2  
7.501t-02 











6 .223t -01  
5. I4Zt-01 
4.OEOt-01 




4 .712t -02  
3.154E-02 






2 - 9 1 E t - 0 3  
2 . Z O E E - 0 3  
1.69%-03 
1.314E-03 
1 - 0 3 3 t - 0 3  
8 - 2 0 2 E - 0 4  
6.581E-04 
5.33 lE-04 
4 .354E-04  











5 . 3 4 8 t - 0 5  
4.726E-05 
4 .195E-05  
3.74Ot-05 





2 - 0 2 5 6 - 0 5  
1 .845t -05  
1.683E-05 
1.5 3 7E-05 
1 . 4 0 5 t - 0 5  
I.LU3t-05 
1. L 7 L t - 0 5  
1.069E-05 





a. 70 LE-OI 
I . ~ ~ ~ E - O I  








3 . 4 1 3 t - 0 4  
1.9 33E-0 3 
~ . ~ L E E - O C  
3.867E-03 













4.477t -01  
4 . 6 4 B t - 0 1  
4.164t -01  








4.989 E-0 I 




4.997t -01  
4 .997t -01  
4.998 t-0 I 
4.998E-01 
4 .999t -01  
4.999E-01 






















5 .000t -01  
5 .00OE-O1 
5 . 0 0 0 t - 0 1  
5.OOOE-01 
5.OUOt-01 
5 .000t -01  
5 . 0 0 0 t - 0 1  
5.000E-01 




V i . 1  





1.289E 0 2  
1.873E 0 2  
L.690E 0 2  
3.510E 02 
4.120E 0 2  
4.436E 0 2  
4 .610t  0 2  
4.739E 02 
4.895E 0 2  
5.081E 02 
5 .329t  0 2  
5.624E 0 2  
5 . Y 6 4 E  0 2  
6.331E 02 
6.699E 0 2  ~.~ 
7.039E 02 
7 . 3 4 O E  02 
7.57dE 0 2  
7 .754t  0 2  
7.879t 0 2  
7.965E 0 2  
8 . 0 2 8 t  0 2  
8.075E 0 2  
B . l l 3 t  0 2  
8.145E 02 
8.173E 0 2  





8.321E 0 2  
8.344E 0 2  
8.390t 02 
8.436E 0 2  
8.481E 0 2  
8.504E 0 2  
8.526E 0 2  
8.549E 0 2  
8.571E 02 
0.616E 0 2  
8.639E 0 2  
8.661E 02 
8.603E 02 
8.706E 0 2  
8.128E 0 2  
8.750E 0 2  
8.172E 0 2  
8.794t  0 2  
8 . 8 1 7 ~  02 
8.839E 02 
8.861E 0 2  
8.083E 0 2  
8.905E 02 
8 - 9 2 7 t  02 
M.949t 0 2  
8.971E 0 2  
8 - 9 9 L E  0 2  
9.014E 0 2  
9.036E 02 
9 .058t  02 
9 - 0 8 0 t  0 2  
n . 3 6 7 ~  02 
8 . 4 ~ 3 ~  02
8 . 4 5 9 ~  02 
8 . 3 9 4 ~  0 2  
9 . 1 0 1 ~  0 2  ~ ~ . .  . 
9.123E 02 
9.145E 0 2  
9.166E 0 2  
9 . 1 8 8 ~  0 2  







6.805E 0 0  
7.2196 00 
9.998E 00 
1 . 1 3 1 E  0 1  
L.148E 01  









6 .h l6E 00 
6.L94E 00 
5.755E 00 




4 .203E 00 
4.030E 00 
3.883E 00 
3.156t C O  
3 .643E 00 
3.54Ct 00 





3.057E C C  
8 . 2 7 0 ~  0 0  




2.813E 0 0  
2.759E 00 
2 . 1 0 0 E  00 
2.658E CO 
2 . 6 l l E  00 
2.565E 00 
2 . 5 2 1 t  00 
2.479E 00 
2 . 4 3 9 E  C O  
2.400E 00 
2.362E 0 0  
2.326E 00 
2 . 2 P l t  00 
2.257E C O  
2.225E O C  
2.193E 00 ~~ 
2.lb3E 0 0  
2 . 1 3 3 E  0 0  
2.105E O C  
2.077E 0 0  
2.050E C 0  
2.024E c o  
1-999E 00 
1.974E C O  
1.950t C O  
1.927E 0 0  
1.9C4t 00 
1.883E 00  
1.861E 00 
L.840t 00 
I.820E 0 0  

























L.042E 0 2  
8 . 2 4 1 ~  0 1  
I . 1 l O E  0 2  
1.176E 0 2  
1.2396 0 2  
1.294E 0 2  
1.339E 0 2  ~~ ~ 
1.375E 0 2  
1 . 4 0 4 E  0 2  
1 .428E 0 2  
1.4486 0 2  
1.466E 0 2  
1.481E 0 2  
1.496E 02 
1.51OE 0 2  
1.524E 0 2  
1 .538E 0 2  
L.551E 02 
1.564E 0 2  
1.571E 0 2  
L.590E 02 
1 . 6 0 3 ~  0 2  
1.616E 0 2  
1.629t 02 
1.642F 0 2  
1.654E 0 2  
1.667E 0 2  
1.680E 0 2  
1.705E 02 
1 . 6 9 3 ~  n z  
1 . I I 8 E  0 2  
1.73LE 0 2  
L.744E 02 
1.756E 02 
1.769E 0 2  
I.702E 02 
1.194E 0 2  
1.807E 02 
1.020E 0 2  
1.83% 0 2  ..~. ~ 
1.845E 0 2  
1.858E 02 
L.811E 0 2  
1.803E 0 2  
1.896E 0 2  
1.909E 0 2  
1.921E 0 2  
1.934E 0 2  
1.946E 0 2  
1.959E 0 2  
1.972E 02 
1.984E 0 2  
1.997E 0 2  
2 . O L O E  0 2  -. 
2 . 0 2 2 ~  02 
2.035E 07 
2.047E 02 















1 . 5 1 L E  01 




1 . 1 3 1 E  01 
1.184F 01 
1 . 7 5 4 ~  ni 
.  
1.872E 01 





2.0526 n i  
2 . 0 9 6 ~  01 
2 . 1 0 2 ~  ni 
7.1OlE 01 
7.096F 01 
2.OR9F 01  
2.081E 01 





7 . 0 3 3 E  01 
2.025E 01 
?.017F 01 















I . R R B E  ni 
1.879E 01 
1 . 0 1 l F  01 
1.8h2E 01 
1.854f 01 
1 .845E 01 









1 . 7 9 3 ~  ni 
L.IQRE ni 
1 . 7 3 9 t  01 
1.729F 01 
1.720F 01 
1 . l L I F  01 
1.101E 0 1  
i .h9zE Oi 
I.6RZF 01 
L .h l3E 01 




2 . 7 9 2 ~  n l  
Z . R I ~ ~  01 




2 . 9 L 5 E  01  
2 . 9 5 4 ~  n i  
2.935E 01 
SHOCK VARIABLES FOR NITXOGEN GAS 
0.0001 %t;oSphere 
R a t i o  of 
r e f l e c t e d  
t o  i n i t i a l  
shock  
p r e s s u r e ,  
p5/p1 
3.027E 0 2  
4.135E 02  




i . l l 8 E  0 3  
3 . 4 4 0 6  0 3  
4.577E 0 3  
5.118E 03 
5 . I Z 4 E  0 3  
5.024E 0 3  
4 . 9 1 6 t  0 3  
4.873E 03  
4.878E 03  
4 .944E 03 
5.053E 03  
5.17Ct 0 3  
5.271e 0 3  
5.306E C3 
5.27CE 0 3  
5.158E 0 3  
5.028E 0 3  
5.86iE 0 3  
4 . 8 l U E  0 3  
4.733t 0 3  
4.635E 0 3  
4.553E c 3  
4.452E 0 3  
4.371E 03 
4.L7tE c 3  
4.2OOE 0 3  
4.111E 03 
4.035E C3 
3.96iE 03  
3.8886 03  
3.822E 0 3  
3.761E 03 
3.704t 0 3  
3.641E c 3  
3.579t 03 
3.530E C3 
3 .48 l t  0 3  
3.425E 0 3  
4 . ~ 0 ~ 4 ~  0 3  
3.381E 0 3  
3.337.5 03 
3.290E C3 
3.241E 0 3  
3.205E 0 3  
3.167E 0 3  
3.123E 0 3  
3.089E 03  
3.055t  C3 
3.01tE C 3  
2.984E 03  
2.954E C3 
L.919E 03  
2.884E C3 
1.857E 0 3  1 f . 8 3 0 t  03  
1.797E c 3  
I i .771E c j  
2.74?E 0 3  
2.718.5 03  1 2.689E C3 
2.6676 0 3  
2.644E 0 3  
i.617E C3 
2.592E 0 3  
1 2.57iE C3 
2.551E 0 3  
1.527E 03  
L - S O L E  03 
2.484E 0 3  
i - 4 6 5 E  03 
2.44CE 03  
R e f l e c t e d  
shock  tem- 





2 - 0 8 l E  01 
2.318t 01  
2.715t  01 





4 - 1 1 4 E  01  
4.213E 01 
4.3'13E 01 
4 -492E 01 
4 -658E 01 
4.852E 01  
5.062E 01  
5.336E 01 
5.735t 01 
6 . 4 6 L E  01  
7.658E 01  
8-84OE 01 
9.764E 01 
1.047t 0 2  
1.101t 0 2  
1.141E 0 2  










1.374E 02  
1.393E 02 
1.410E 02  
1 .429E 0 2  
1 .448E 02 
1.464E 0 2  
1.482E 02 
1.499E 0 2  
1.516E 02  
1.533E 02 
1.551E 02  
L.570t 02  
1.602E 02  
1 . 6 Z I E  02  
1,636E 02 
1.652E 02 
1.669E 0 2  
1.685E 02  
1.70lE 02  
1.718t 02 
1.737.E 0 2  
1.751E 02 
1 . 5 8 5 ~  02  
~ .- 
1 . 7 6 7 t  0 2  
I .783E 02 




1.861E 02  
1.878E 02 
1.909E 02 
1 - 9 2 4 E  02 
1.939E 02 
1.955E 02 
1 - 9 7 2 t  02  
1.985E 02  
1 . w ~  02  
R e f l e c t e d  
snock  den-  
s i t y  r a t i o ,  
P 3 / P 1  
2.374E 0 1  
i.752E 01 
3.160E 01  
3.595E 01 
4.2CL)E 01 
5 . 4 6 8 t  01 
7.543t 01 
9.173E 01 
8.717E 01  





4 .883E 01 
4.675E 01 
4.441E 01  
4.167E 01 
3.852E 01  
3.480E 01 




1.591E 0 1  
1.361E 01  
I . L I 2 t  0 1  






8.199E 00 ~ ~ ~~ 





















4.5156 00  
4 -425E 00 
4.330E 00 















R e f l e c t e d  
shock en- 
r a t i o ,  
t h a l p y  





4.842E 0 1  
6.173E 0 1  
7.457E 01 
8 - 9 3 9 t  01 
9.672E 01 
l . O O 1 E  0 2  
I.OZ1E 02  
1.044E 0 2  
1.072E 02 
1.107E 02 
1 -150E 0 2  
1.2OOE 0 2  
1.255E 02  
1.313E 0 2  
1.369E 0 2  
1.425E 02  
1 .556 t  0 2  
1.653E 0 2  
1.744E 02  
1.815E 0 2  
1.868E 0 2  
1.910E 0 2  
1.94OE 0 2  
1.966E 02 
1.988E 0 2  
2.008E 0 2  
1.4~14~ 02 
2.025E 02  
2.042E 02  
2.057E 02 
2.073E 0 2  
2.088E 02 
2.102t  02  
2.116E 02 
2.13UE 02 
2.143E 0 2  
2.157E 02  
2.171E 02 
2.184E 02 
2.197E 0 2  
2.210E 0 2  
2.223E 02 
2.236E 02  
2.249E 0 2  
2.263E 0 2  
2.275E 02  
2.288E 02 
2.301E 0 2  
2.313E 0 2  
2.326E 0 2  
2.338E 0 2  
2.351E 02 
2.363E 02  
2 -376E 02  
2 . 3 8 ~ 1 ~  02
2.COOE 0 2  
2.412E 0 2  
2 -425E 02 
2.437E 0 2  
2.449t  02 
2.461E 02  
2.473E 0 2  
2.484E 0 2  
2.496E 0 2  
2.508E 02  
2.520E 02  
2 - 5 3 l E  0 2  
2.543t 02  
2.555E 02  
2.5676 0 2  
2.577E 02 
l e c t e d  shock 
R e f l e c t e d  
shock  s p e e j  





























l . l i O E  01 
1.189E 01 
1.249E 0 1  
1.292E 0 1  




1.432E 0 1  
1.453E 01 
1.473E 01 
1.494E 0 1  
1.512t  01 
1.531E 01 
1.549E 01 
1.566E 0 1  
1.584E 01 


































































4 . O C O E  00 
4.000E 00 
4.000E 00 
4 . O O O E  00 
4 . O O O E  00 
4 .000E 00 
4.OCOE 00 
4 . O C O E  00 
4.000E 00 
4.000E 00 
4 . O C O E  00 
4.000E 00 
4.OCOE 00 





















4 . O C O E  0 0  










4 .000E 00 
4.OCOE 00 




4 . 7 3 0 ~ - 0 3  











9 . 5 2 8 ~ - 0 1  
7 . 5 2 8 ~ - n i  
6 .469E -01 
5.265E-01 




i . 8 8 4 ~ - n i  
1 . l I I E - 0 1  
5.055E-02 



















z . 5 0 6 ~ - 0 3  
3 . 5 3 i ~ - n 5  
1 . 1 6 4 ~ - 0 5  






























8 . 9 0 3 ~ - 0 7  
5 . 5 ~ 8 ~ - 0 7  
c t i o n  
i . 9 2 1 ~ - n 7  
3 . 4 1 3 ~ - n 5  
I . ~ R ~ E - W  





3 . h 4 7 E - 0 4  
1.n46F-01 
9.995F-07 














5 .0OOF-01  
Z . O ~ ~ E - O I  
~ . I W E - ~ I  
4 . 0 5 8 t - n i  
4 . 9 9 8 ~ - 0 1  
~.OOOF-~I  
~.OOOE-OI 
~ . o ~ o E - ~ I  
5 . n o o ~ - n i  
~ . o ~ o F - o ~  
5.nnoE-ni  
5 .00n t -n i  
~ . O O ~ E - Q I  
~ . ~ O O F - O I  
~ . O ~ O E - O I  
~ . O O O F - O ~  
5 .oonE-n i  
~ . O O O E - ~ I  
5 . o o n ~ - n i  
~ . O ~ O E - O L  
5 .ono t -01  
5 . o n n ~ - o i  
~ . O O O F - O I  
~ . O ~ O F - O I  
5. nonE-0 I 
~ . O O O F - O L  
5 . n n n ~ - n i  
~ . o ~ o E - ~ I  
5. ooot-ni  
5. o o o ~ - n i  
5.nooF-nL 
5. n o o ~ - n i  
5 . o n o ~ - o i  
5 . 0 u n t - n i  
5.onnr-ni 
5 . n n n ~ - o i  
5. o n o ~  -ni 
5.nnnF-n i  















a t u r e ,  
19 
Tl i jLE I - C c n t l n u e \ i .  IIYDFIODYNA:n.Ii: 
( c )  I n i t i a l  pres;ure, 
































l 6 5 0 C  
19ouo 
l 5 5 0 C  
LOO00 
205GC 
r l O O O  
2 1 5 0 C  
z 2 o o c  
2 2 5 U O  
2300C 
23500 














3 1 5 0 U  
3 r ' C O C  
















i n o o o  
2 8 0 0 0  
20 
I . O C O E  uo 
1.UCOt uu 
I.OC0t 00 
1.OCOE 0 0  
I .UL3t  uu 
l . O l 3 E  00 





l .UOIt 00 
I.YI2E 00 
1.910t 00 










2.830t 00  
3.159E C C  
3.318t 00  
3.4bbE G O  
3.584t 00 
3.681t 00 
3.751E G G  
3.81% OL 
3.t5SE c c  






3.979t o c  
3.983E o c  
3.986t GO 





3.955.2 cc  
3.956E 00 












3.959t 00  
3.559t 00  
3.559t co 
3.9SYt 00  




4.U00t O u  
4.000t 00 
4.000t 00 
4.000t G O  
4.OCOt 00 
4.000t 00 
2 . 9 5 4 ~  ac 






2 -  599E-UZ 





8 . 8 J l E - 0 1  
9 . 4 3 5 t - 0 1  






1 . 3 1 9 t - 0 1  
6 .573t -01  
5.711E-01 
4 .946t -01  
4 . 1 3 2 6 - 0 1  









2 .122t -02  
1.6426-02 




i . 5 7 n t - 0 4  
~ . ~ O ~ E - O L  
8 .b rn t -02  















4 .722t -04  
4. L 9 L t - 0 4  
3 .34 lE-04 
3.008E-04 
2 . 1 1 3 E - 0 4  




L .683t -04  
1 .531t -04  
1.404E-04 
1 .283t -04  





1.21 3 t - 0 5  







2 . 6 l I E - 0 6  
5.7 IBE-05 
1.72Ot-04 





1 .224t -02  
2.083t-02 
3.350t-02 






2 . 5 2 l t - 0 1  
2.934 t-0 I 
3.319E-01 
3.668E-01 
3 .973t -01  
4.229E-01 
4 . 4 2 0 E - 0  I 
4.566E-0 I 
4.676E-01 
4 . 7 5 d E - 0 1  








4 . 9 7 4 t - 0 1  
4 .978t -01  










4 . 9  9 7E-0 I 
4 . 9 9 l t - 0 1  











4 .9Y9t -01  
4.YYPt-01 
4 .909t -01  
4.999E-01 
4 .099t -01  
5 . 0 0 0 t - 0 1  
5.000E-01 
5.000t-01 
5 .000t -01  
5.000E-01 
1 . 4 n i t - 0 5  
+ . 9 9 n ~ - 0 1  
~ ~~ 
Primary st lock 
P r e s s u r e  
r a t i o ,  
F2 ' I ; l  





L.13LE 0 2  
1.45OE 02 
1 .933E 0 2  
2.550E 02 
3 . 2 6 0 t  0 2  
3 . 8 9 2 ~  0 2  
4.325E 02 
4.57YE 0 2  
4.753E 02 
4 . 9 0 3 E  02 
5.06Ot 0 2  
5.235E 02 
5 . 4 3 3 E  0 2  
5.655E 0 2  
5.901E 02 
6.162E 02 
6.441E 0 2  
6.121E 02 
6.993E 0 2  
7.244E 02 
7.468t 0 2  
7.657E 02 
7.812t 0 2  
7.934E 0 2  
8.024E 0 2  
8.093E 02 
8.L47E 0 2  
8.191E 0 2  
8.227E 0 2  
8.259E 02 




8 . 3 8 Y E  0 2  
8.413E OL 
8.436E U Z  
8.459E 02 
8 . 4 8 2 t  02 
8.505E 0 2  
8.527E 0 2  
M.550E 01 
M.572E 02 
8.595E 0 2  
8.617E 0 2  
8.639E 02 
8.662k 0 2  
8.684E 0 2  
8.706E 0 2  
8.751E 0 2  
8 . i z n t  02 
8.173E 02 
8.817E 02 
8 . 1 9 5 ~  0 2  
8.839E 02 
8 . 8 6 l t  02 
8.883t  0 2  
8.927t 0 2  
d .971t  02 
8.9Y3E 02 
Y.015E 0 2  
9.U3CE 0 2  
9.058E 02 
9.08Ot 02 
9.1OLE 0 2  





n . 9 4 ~ t  0 2  
Y.207t 02 





1.44>E C U  
9.482E 00 
1 . 0 4 1 t  0 1  
1 . 0 7 4 E  0 1  
8 . 3 2 6 ~  00 




8.155E C O  
7.860E 00 
7.607t 00 
7 .373t  00 










4 . 1 9 3 E  00 




3.457E C C  
3.350E 00 




2 . 9 5 0 E  C O  
2.887E C O  
2 . e z i t  00 
2 . 7 7 0 ~  a 0  





2 .483E 00 







2.194E 0 0  




2.05LE C O  







1 . 8 6 l t  00 
l .841E 00 
L.820E 00 
1.noit 00 
























L.179E 0 2  
L.232E 0 2  
1.282E 0 2  
L.328F 0 2  
1 . 3 6 9 ~  0 2  





1.5236 0 2  
1.556E 02 
1.571E 0 2  
1.585E 0 2  
1.599E 0 2  
1.613E 0 2  
1.626E 0 2  
1.640E 0 2  
1.653F 02 
1.666E 02 
1.619E 0 2  
1 . 5 4 0 ~  0 2  
L.692E 0 2  
l . lC5E 0 2  
1.7L7E 0 2  
L.730E 0 2  
1.743E 0 2  
1.756E 02 
1.76SE 0 2  
1 .181E 02 
L.194E 0 2  
1.807E 0 2  
1.820E 0 2  
1.832E 0 2  
1.845E 0 2  
1.92lE 02 
1.934E 0 2  
1.946E 0 2  
1.959E 02 
L.972E 0 2  
1.984E 0 2  
1.997E 07 
2.010E 0 2  
2.OZZE 0 2  
2.035E 0 2  
> . n 4 i ~  0 2  ..  ~ 
2.060E 0 7  
2.Ol3E 0 2  
2.085E 02 
4.821F 0 C  
5.588E 00 
6.263E 00 






1 .45 lF  01 
1.583F 01 
1.662F 01 
1 . 7 0 3 ~  n 1  
1 . 7 2 9 ~  n i  
1 . 1 5 1 ~  01 
1.774F 0 1  





1.909E 01  
7.037E 01  
2.05hE 01 
2 .0 I?F 01 
7.08hE 01 
7.084E 01 
7 . 0 0 3 ~  01 
7 . 0 ~ 2 ~  n t
2.052E 01 
2.042E 01 
2 . 0 3 3 ~  01 
2.024E 01 
2.015F 01 
2.006E 01  




.964E 0 1  
.955E 01 




.905F 0 1  
.891F 0 1  
. 9 1 4 ~  n i  
. 8 R H E  01 
.Re06 01 




l . f l37E 01 
1.82RF 01 
I . R 2 0 E  01 











2 . ~ 8 9 ~  n i
2 . ~ 2 n ~  n i  
SHOCK VARIABLES FOR NITROGEN GAS 
0.001 a tmosphere  
~~ ~~- ~ ~ - ~- _~~-.-___~ ~. __ 
R e f l e c t e d  shock 
~ .~ 
R a t i o  o f  
r e f l e c t e d  
t o  i n i t i a l  
shock  
p r e s s u r e ,  
3-034E 02 
4.166E 0 2  
5.276E 02  
6.411E 02  
7.743E 0 2  
'3.857E 0 2  
1.393E 03 






4.765E 03  
4.740E 03 
4.752E 0 3  
4.783E 0 3  
4.834E 03  
4.894E 03 
4.946t  03 
4.988E 03 
5.000t C 3  
4 . 9 7 C t  03 
4-901E 03 
4-8OSE 03  
4.687E 03  






4 - 1 0 5 E  03 
4.025E 03 
3.957E 03 
3.Y00t  03 
3.825E 03 
3.763E 03  
3.701E 03  
3.644E 03 
3 -592E 03 
3.533E 03 














2.95IE 03 ~~ 
2 -922E 03 
2.888E 03 
2-854E C 3  
2.626E 03 
i.802E c3  ~ ~..
2-770E C 3  
i - 7 4 5 E  03 
2.72IE 03 













R e f l e c t e d  
shock  tem- 
1 .289~  01 
1.548E 01 
1.702E 01 
1 . 8 l l t  01 
1.907E 01 
2.OI8E 01 
2.164E 0 1  
2.351E 01 
2.564E 01 




4.473E 0 1  
4.571t  0 1  
4.668E 01 
4 .768 t  01 
4 . 8 7 8 ~  01 





5 - U l 2 E  01 
6.028E 01 
6.285E 01 
6.608t  01  
1.04OE 01 
7.685E 01 
9.384E 0 1  
1.OI8E 0 2  
1.087E 02 
l - 1 4 4 E  0 2  
1.192E 0 2  
1.230E 02 
1.266E 02  
1.295E OL 
1.323E 02  
8 . 4 9 9 ~  01 
1-349E 02  
1.372E 02 
1-394E 02 
1.415E 02  
1 -436E 02 
1.435E 02  
1.4766 02 
1 . 4 9 3 €  0 2  
1.511E 02 
1.531E 02 




1-616E 02  
1 -636E 0 2  
1.651E 0 2  
1 -667E 0 2  
1.684E 02 
1.700E 0 2  
1.717E 02 ~- 
i .733E 0 2  
1 -752E 02  
1 -766E 0 2  
I . ~ ~ Z E  02  
1 . 8 3 0 ~  oz 
1.798E 0 2  
1.814E 02 
1 - 8 4 6 E  02 
l - 8 6 4 E  0 2  
I.87bE 02 




1.955E 02  
1 -973E 02 
1.983E 02  
R e f l e c t e d  
shock  den-  
s i t y  r a t i o ,  
e , / p ,  














4.520E 01  
4 -317E 01 
4.145E 01 




3.195E 0 1  
2.951E 01 
2.695E 01 


















































3 . 1 7 8 ~  00 
3 - 1 2 5 E  00 
3.078E 00 
R e f l e c t e d  
shock  en- 
t h a l u v  
1.537E 01  
1.954E 01 
2.321E 01 
2.663E 01  
3.014E 01  
3.466E 0 1  
4.144E 0 1  
5.066E 01 
6.102E 01 
7.210E 0 1  
8.393E 01 
9.527E 01 
1.014t 02  
1.049t  02 
1.074E 0 2  
1.099E 0 2  
1.125E 0 2  
1.155E 02 
i.in8t 0 2  
I .225E 02  
1.264E 02 
1.307E 02  
1.352E 02  
1.397E 02  
1.443E 0 2  
1.488E 02 
1.535E 0 2  
1.784E 02 
1.846E 0 2  
1.898E 0 2  
1 . 9 4 2 E  02  
1.978E 0 2  
2.008t  02 
2.034E 0 2  
2.057E 0 2  
2.078E 02 
2.097t 02 
2.114E 0 2  
2.131E 0 2  
2.147E 02 
2.1626 0 2  
2.177E 0 2  
2.192E 0 2  
Z . 2 0 5 E  0 2  
2.219E 0 2  
2.233E 02  
2.246E 0 2  
2 .260 t  0 2  
2.273E 0 2  
2.286E 0 2  
2.299E 02 
2.312E 02 
2.32% 0 2  
2.337E 0 2  
2.350E 02 
2.362E 0 2  
2.375E 0 2  
2.387E 02 
2.400E 0 2  
2.412E 0 2  
2 .424E 0 2  
2 .436E 0 2  
2.448E 02  
2.460E 0 2  
2.472E 0 2  
2.485E 02  
2.496E i ) Z  
2.508E 02 
2.520E 0 2  
2.531E 0 2  
2.543E 02 
2 . 5 5 4 E  02 
2.567E 0 2  
2.576E 02  
~ - _ _  
R e f l e c t e d  
shock  s p e e  
t o  i n i t i a l  


































I.217E 0 1  













1.663E 0 1  
1.683E 01 
1.699E 01 
1.716E 01  
1 . 5 8 8 ~  01 
1.735E 01 

















2.021E 0 1  
2.036E 01 
2.052E 01 
7 .0b7E 01 -. ~ ~ 
2.082E 0 1  
2.097E 01  
2.116E 0 1  
2.124E 0 1  
Compress- 
i b i l i t y  














































































4 . O O O E  00 







8.666E -0 I 
9.583E-01 









I . 9 6 3 E - O 1  
3. z UF-O I 
I .  3 8 2 ~ - 0 1  
n . 8 0 4 ~ - 0 2  















































8 . 6 2 7 ~ - n 5  
5 .518~-05  










1 . 3 4 0 ~ - 0 6  
1 . 4 7 ~ ~ - 0 5  
2 . 3 n 4 ~ - 0 3  
9. 3 n 4 ~ - n ?  





3 . 0 3 4 t - n i  
3 . 7 0 1 ~ - n i  
4 . 0 1 9 t - n i  
4 . 3 0 ~ - n i  
4 . 5 6 0 ~ - 0 1  
~ . A ~ z F - ~ I  


















4 . 9 9 9 ~ - n i  
5. OOOE-ni 
~ . ~ O O F - O I  
~ . O O O E - ~ I  
~ . ~ O O E - O I  
5. ~ O O F - ~ I  
5 . 0 0 ~ - 0 1  
5. onnF-ni 
5 . 0 0 0 ~ - 0 1  
5. onoc-01 
5 . o o o ~ - n i  
~ . ~ O O F - O I  
5. O O ~ F - O I  
~ . O O ~ F - O I  
5 . 0 0 0 ~ - 0 1  
~ . ~ O O F - O I  
5. o o n ~ - n i  






5 . O O O F - 0 1  
















Prlrr .ary shock 
- Continued. HYDRODYNAMIC 
(d) Initial pressure. 
zcoo 
2 5 0 0  
3 0 0 0  
3 2 0 C  










9 5 0 0  














l l 0 0 0  






2 C 5 0 C  
Z l O l i O  
2150C 
z 2 0 0 0  
2 2 5 0 0  
2 3 0 0 0  
~ 3 5 0 0  
2 4 0 0 C  
~ 4 5 0 0  
25COC 
r 5 5 0 C  
26000 
1 6 5 0 C  
L l C O O  
2730C 
2 8 O O C  
28500 











3 4 5 0 0  
3 5 0 0 0  
35506 
3 6 0 0 0  
3 6 5 0 C  
3 2000 
3 1 5 0 0  









1 CI 1 It>, 
factor, 
z2 
1.OCOE 0 0  
I .0CC.E 0 0  
1 .OCOE 0 0  
l .000t  00 
1 . O L I E  00 







1.731t  00 
1.852E CO 
1 . o w t  00 
~~ 





2 . I O O E  oc 
2 .138t  00 
2.1b4E 0C 
L.3lJlt  00  
2.317t 0 0  
2 . 4 6 L t  00 
2.5606 00 
2.61Ct 00 
2 . 2 3 9 ~  au 
3 .14LE 00 








3 . 8 1 6 ~  00 











3 . 9 1 3 t  00 
3.976t 00 
3.979E 00 
3 . 9 8 l t  00 
3.985t C C  
3.987E O C  
3.5856 00 
3.950t 00 













3 . 9 n j t  co 
j .9unt  00 









1 .547t -01  
2 .747t -01  
4.277E-01 









8 .304t -01  
7.864E-0 1 
5 . 9 0 8 ~ - 0 1  
8 . 6 8 7 ~ - 0 1  
~ . ~ ~ o E - o I  
6.829t -01  
6.246E-01 
5.62 ?E-01  
4 . 9 8 l t - 0 1  
4 .373t -01  
3.234E-01 
2 .  731E-01 












7 . 0 7 7 ~ - 0 2  
1.2LZE-0; 
1.05LE-02 








3-  32LlE-03 
2.Y93.C-03 
L.7OIE-03 








8 . 8 L l t - 0 4  
7.987t-04 
1.204E-04 
6 . 4 5 8 E - 0 4  
2 .  L I ~ E - O ~  
~ . 6 7 8 ~ - 0 3  
Y.rizE-04 
3.021€-15 




~ . n 3 5 t - o r  





5. L 14E-04 
9.196E-04 







4 . 8 9 8 ~ - 0 2  
6.534E-02 
8 .46z t -02  
L.Ob7.E-01 
I .314k-01 
1 .5n5t -01  
1 . n i i t - 0 1  
L . I ~ ~ E - O I  
2 . 5 1 0 t - 0 1  
2.813t-01 
3 .  ior~-oi 
3 .383E-01  
3.b35t -01  
3.1159k-01 
4.055t-01 




4 .708t -01  
4 . 7 5 8 t - 0 1  
4.799t -01  
4.832E-0  1 
4.8 59E-0 1 
4.90 1 E-0 1 
4.91 b E-01 
4.9L8t-0 1 
4.939E-01 
4 . Y 4 l E - 0 1  
4.95 5E-0 I 
4.961E-01 
4.966E-0 L 
4.910t -01  
4.974E-01 
4.Yllt-01 










4 .99Zt -01  
4.Y93E-01 
4 . 9 9 4 t - 0 1  
4.9946-01 
4.995E-01 
4 . 9 9 5 € - 0 1  
4.9966-01 
4.996E-01 
4 .Y96t -01  
4.99lE-01 
C . ~ ~ O E - O I  
4 . 8 ~ 1 2 ~ - 0 1  
~- 




1.075E 02  
1.274E 02 
1.549E 0 2  
1 - 9 1 3 E  0 2  
2 .393t  0 2  
2.953E 02 
3.522E 02  
4.019E 02 
4.403E 02 
4 .678t  0 2  
4 . 8 8 5 E  02 
5 . 0 5 4 E  02  
5.205t  02 
5.353E 02 
5.508E 0 2  
5.847E 0 2  
6.035E 02 
6.233E 02  
6.438E 02 
6.641E 02 
7.069t 0 2  
7 . 2 1 5 E  02 
7.459E 02 
7.628E 0 2  
7.905E 0 2  
8.014E 02 
8.L04E 0 2  
8 .24OE 0 2  
8.290E 0 2  
5 . 6 7 1 ~  02 
6 . 8 5 9 ~  02 
i . r r i E  02 
8 .119~  02 
8.4bOE 02 
8 . 4 8 5 E  0 2  
8.510E 02 
8.533E 0 2  
8.557E 02 
8 .519E 02 
8 - 6 0 2 E  0 2  
8.624E 0 2  
8.646E 02 
8.668E 0 2  
8.690E 02  
8 . r m  02 
8 . 7 3 4 ~  02 
8 . 7 5 6 ~  02 
8 . 7 7 8 ~  02 
B.nooE 02 
8 . E Z I E  0 2  
8.843E 02 
8.365E 0 2  
M.887E 02 
8.909E 02 
8.930E 0 2  
8.952E 02 
8.914E 02 
8.9Y6E 02  
9.017E 02 
9.039E 02  
9.060E 02  ~~ 
9.082E 02 
9.104E 02 
9.L25E 02  
9.141E 02 
9.168E 0 2  
9.189E 0 2  
9.208E 02 
6 . 0 1 7 ~  00 
6.347E 0 0  
b.576E 00 
6.75LE C O  
b .914t  00 
7.138E 0 0  
1.526E 00 












1 . 1 5 2 ~  c o  
6 . 7 5 0 ~  c o  
6 . 5 6 3 ~  on 










3.990E 0 0  
3.804E 00 
3.636E 00 
3 .485E 00 
3.35LE 0 0  
5.108t  no 
3.23ZE 00 







2 . r 9 9 t  0 0  
2 . 6 1 ~ ~  cn
2.517E 00 
2.47LE 00 
2.4276 0 0  
2 . 3 8 5 t  00 
2.346E GO 
2.308E 0 0  
2.272E 00 
2 - 2 3 8 t  00 
2.205E 00 








1.954E 00  




. 6 4 3 E  0 0  
.623E 0 0  
. 8 0 3 t  00 
. 7 6 3 t  00 
.764E 00 
-746E 00 
. ~ Z E E  00 
3.862E 01 
5.623E 01  
4 . 7 2 7 ~  01 
6 . 4 2 %  01 










1.043E 0 2  
L . 0 8 Z E  0 7  
1.122E 02 
1.164E 0 2  
1.LClF 02 
1.251E 07 
1 . 3 3 3 E  0 7  
1 .371E 0 2  
1 . 2 9 3 ~  0 2  
1.407E 0 2  
1 .440E 0 2  
1.470E 02 
1.496E 02 




1.604F 0 2  
1.627E 02 
1.638E 0 2  
1.653E 02 
1.66RE 0 2  
1.683E 02 
1.697E 02 
1.711E 07 . .  ~ 
1.725E 02 
1.752E 07 





1.882E 0 7  






1 . 9 7 1 ~  0 2  
1.984E 0 2  
L.997E 0 2  
7 . n o 9 ~  02 - .. 
Z . O Z 2 E  02 
2 . 0 3 4 E  02  
2.047E 0 2  
2.060E 02 
2.072E 0 7  
2 .065E 0 2  
4 . 9 7 7 ~  no 
5.5RRE 00 
h.Zh3E 00 
6 . R 7 9 E  00 
7.4h7E 0 0  
M.847E 00 












I . R L 2 E  01 
1.R33E 01 
L.856E 01  
1.8ROF 01  
1.930E 01 






2 . 0 6 6 ~  01 
2.072E 01 
2.070E 01  
2.064E 01 
z .n5rE 01 
2 . 0 4 7 ~  01 
2 . 0 3 7 ~  01 
2 . 0 2 6 ~  n i  






1 . 9 5 1 E  01 
1 . 9 4 2 ~  n i  
1.933E 01 
1.973E 01 









1 .823E 01 
L.Rl4E 01 
1.R05E 01  
1.196E 01 
1 . ~ 5 0 ~  01 
1.787E 01 





5 . 7 ~ ~  qc 
6 . 6 3 3 ~  no 
~ l . n i 5 ~  n n  
8 . 7 3 0 ~  no 




l . 6 7 0 F  01 
1.789E 01 
7 .7ZIE 0 1  
2.167F 0 1  
2 . 9 0 3 ~  n i  
7.914F 01 
3.191E 01  
3.715F 01  
3 . 7 3 9 ~  01 




SHOCK VARIABLES FOR IIITROGEN G A S  
0 .01 a tmosphere  
R e f l e c t e d  shock 
R a t i o  of 
r e f l e c t e d  
x i n i t i a l  
shock  
p r e s s u r e ,  
Pg/P1 
3.039E 0 2  
4.200E 02  
5.330E 02 
6-47CE 0 2  
7.666E 02 ~~ 
9.120t 02 




3 . 3 7 6 t  03 
4.02UE 03 
4 - 4 5 9 E  03  
4.679t 03 
4 . 7 3 0 E  C3 





4.661t 0 3  
4.681t 03 
4-704E 03 
4.728E 03  





















3.401E 0 3  
3.363t 0 3  
3.305t 03 
3.259E U3  
3.220t 03 
3.183t  03 
3.13SE 0 3  
3.101E 03 
3.063E 03 
3 . 0 3 4 6  03 
2 -993E 0 3  
2.9596 C 3  
2-932E 03  
i - 8 9 S E  03 
2 -86JE 03 
2.839E 03 






2.646E C 3  ~~ 
2.621E 03 
2.601t  03 
2.574E 03 
2 - 5 5 1 t  03 
2.533E C3 




R e f l e c t e d  
shock  ten- 
p e r a t u r e  








2.317E 01  
2.465E 01  
2.639t  01 
2.855E 01 





5.154E 0 1  




5.7M3E 0 1  
5-906E 0 1  
b.045E 01 
6.156E 01  
6 .352E 01  
6.512E 01  
6.689E 0 1  
6 -882E 0 1  
7.097E 01  
7.323E 0 1  
7.56IE 01 
7.837E 0 1  
8.139t  01 
t.488E 01 
8 - 9 0 0 E  01 
9.3806 0 1  
9.926E 0 1  
1.051E 02 
1.109E 0 2  
1 -165E 02  
I . L I S E  02 
1.L61E 02 
1.303E 02 
1-340E 02  
1.375t  02 
1.404E 02  
1.43% 02 
1.461E 02 
1.488E 02  
1.511E 02 
1.534E 0 2  
1.555E 02 
1.576t  02 
1.596E 02 
1 -616E 02  





1 . 7 L 5 t  02 
1 . 7 4 Z E  0 2  
1 - 7 5 8 t  02  
1 -716E 02 
1.7926 02  
1 . 8 O I E  02 
1.842E 02 
1 .857 t  02 
1.874E 02 
1.890E 02 
1.905E 0 2  
1 . 9 L L E  02 
1.937E 02  
1.952E 02 
1-96L)E 02 
1 -982E 02 
1 . 6 2 6 ~  02 
R e f l e c t e d  
shock  den-  
s i t y  r a t l o ,  
P:/P, 
2.34ME 01 












5.045E 01  
4.481E 0 1  
4.124E 01 
3-881E 01 
3.702E 0 1  
3.552E 01 
3.416E 01  
3.288E 01 
3.161E 01 










1.465E 01  
1.333E 01 
1.214E 01 










































R e f l e c t e d  
s l io r i  en- 
t n a l p y  




2.369E 0 1  
2 -730E 01  
3.074E 01 
3 . 4 3 8 E  01 
3.886E 01  
4.467E 01 
5.177E 01 
6.034E 01  
6.950E 01 
7.837E 0 1  
M.73bE 0 1  
9.754E 01 
1.049E 0 2  
1.097E 02  
1 . 1 3 L E  0 2  
1.157E 02 
1.182E 0 2  
I.ZO6E 02 
1.231E 0 2  
1.258E 02 
1.287E 02  
1.318E 0 2  
1.351E 02 
1.385E 02 
1.421E 0 2  
1.45BE 0 2  
1.497E 0 2  
1.534E 0 2  
1.572E 02 
1.609E 0 2  
1 . 6 4 8 t  02  
1.687E 0 2  
1.728E 0 2  
1.772E 0 2  
1.818E 02 
1.866E 02 




2.061E 0 2  
2.089E 02  
2.115E 0 2  
2.139E 02 
2.161E 0 2  
2.18ZE 0 2  
2.201E 0 2  
2.219E 02 
2.236E 02  
2.253t 02  
2.268E 02 
2.283E 02  
2.298E 0 2  
2.313E 02  
2.327E 02  
2.341E 02 




2.406E 0 2  
2.419E 0 2  
2.432E 02 
2.444E 02 
2.457E 02  
2.469E 02  
2.481E 02  
2.493E 02  ~~ 
2.505E 02  
2.517E 02  
2.529E 02  
2.5CIE 02  
2.553E 02 
2.564E 02  
2.575E 02 
R e f l e c t e d  
shock speed 
t o  l n i t i a l  
sound speed, 
iJ* ia1 


















































1.676E 0 1  
1.698E 0 1  
1.720E 01 
1.739E 0 1  
1.760E 01 
1.779E 0 1  
1.797E 0 1  ~~ 
1.816E 0 1  
1.834E 0 1  
1.850E 01 
1.869E 0 1  
1.8856 01 
1.9OlE 0 1  
1.919E 0 1  
1.935E 01 
1.951E 01 
1.968E 0 1  
1.984E 01 
1.999E 0 1  
2.016E 0 1  
2.032E 0 1  
2.046E 0 1  
2.063E 0 1  
2.078E 0 1  
2.0936 0 1  
2.1IOE 0 1  
2.124E 0 1  









































3 . 9 1 6 t  on 
3.972E 00 
3.979E 00 



































4.000E 0 0  
XN 
~ ~~~~ 
























3 . 3 1 q ~ - n i  
6 . 3 2 o ~ - n 1  
















Z .35 lE -03  
1.920E-03 
1.595E-03 
I .  34OE-03 












2 .534 t -04  
2.277t-04 
2.047E-04 
I .  847E-04 
L.666E-04 









5 . n 7 x - 0 2  
L . Z ~ O F - ~ I .  
5 . 6 b ~ ~ - n 5  
5 . 1 5 2 ~ - 0 5  
4.7 09F - 0 5  
c t i o n  








1 . 4 2 0 ~ - 0 5  
1 . 2 3 7 ~ - 0 4  




2.665E-i l l  
z .43m-01  
3.147E-01 
3.399E -01 
3 . 6 5 2 ~ - 0 1  
3.8R6F-01 
4.105E-01 
~ . ~ o ~ F - o I  
4 . 4 ~ 0 ~ ~ 0 1  
4.628~-ni 
4.  x h t - n i  
~ . R ~ ~ E - o I  
4.R93E-01 
4.92 9 E - O l  
4 . 9 5 l E - 0 1  





4 . 9 6 5 ~ - 0 1  
4 . 9 w t - n i  
4 . 9 ~ - 0  I 





















5 .000 t -01  
4.9 96  F - 01 
4 . 9 9 8 ~ - 0 1  
4 . 9 9 9 ~ - 0 1  
5 . o n o ~ - n i  
5.0nnt-ni 
~.OOOF-OI 
5 .nnn~-n i  











3 . 6 L 5 E - 0 1  
3 .912 t -01  
4 .036 t -01  
4 - 1 5 0 t - 0 1  
4 . L 5 2 E - 0  I 
4 . 3 4 2 t - 0 1  
4 . 4 2 2 E - 0 1  
2 .901 t -01  
3.775t-01 
7.651E 02 
7.78OE 0 2  
8.009E 0 2  
8.108t  02 
8.197E 0 2  
8.276E 02 
8 . 4 0 7 E  02 
8.462E 02 
8.509t  02  
8.5526 02 
8.589t  02 
8.622E 02 
7 . n 9 9 ~  02 
a . 3 4 6 ~  02 
2 . 2 5 8 t  CO 
2.218E 00 
2 . 1 8 I E  00 
2.145t  00 
2 . 1 I Z t  00 
2.08CE G O  
1 . 8 3 0 ~  02  










l . 914 t  00 
1.890t  00 
1.867E 00  
1.966E 0 2  
Cont!nued. 











I ccr.;ress- i b l l l t y  
f a c t o r ,  
'act:cn 
XN+ 
l ' a r t i c l c  
soccd  to 
Te:,,&. cr-  







1.0CIt  00 
I.OC5t 00 
1.013E 00 
1 . 0 L 9 t  00 
1.C57t 00 
1. lOLt 00 
1.1666 00 
4.3Zbt-10 
I . 0 8 0 t - 0 7  
5 -L65E-06  
7.59Lt-05 
















9 . 5 5 6 t - 0 1  
9 .496 t -01  
9.383E-01 
9 .228 t -01  
8.80Yt-ol 








5 .470 t -01  
5.036t-01 
4 .611t -01  
4.198E-Ol  
3 - 8 0 3 t - 0 1  
3 . 4 2 8 E - 0 1  
3.077E-01 












6 .  1 5 6 t - 0 2  
5.465E-02 
4.866E-02 
4 . 3 4 6 t - 0 2  
3.894E-02 
3.500t-02 
3 .155E-02  





I . 7 8 b t - G 2  
I .  b 3 4 E - 0 2  
1.496t-U2 
1.3 I I E - 0 2  
1 .255E-02  
I . 0 4 Y t - O L  
9.566t-03 
9.0366-a1 
i . 14n t -02  
n. 7 0 1 ~ - 0 3  
7. 8n9t-03 
7 .125E-03  
b .  3946-03 
3.021F-167 
1.248E-13 





3 3 I 5E-06  
1. I 1 6 E - 0 5  
3 . 3 3  1 E-05 
8 -961E-05  
1.800t-04 
4 . Z I 8 t - 0 4  
8.933t-04 
1 -737E-03 




1 .587 t  01 
I.ROAF 0 1  
9 . 5 8 1 ~  o n  
-~ - - 
4.R77F 00 
5.5RRE 00 
6 . 2 6 3 E  00 
(,.eibE no 
7 . 4 4 9 ~  no 
8 . 0 0 9 ~  on 
9.2536 on 
8.516E 00 
1.000E 0 1  
1.090E 1 LF 01 
I .799F 01 
1.405E 01 
l .591E 01 
I .bh4E 01 
1.719E 01 
1.757E 01 
1 . R O 5 E  01 
I.R39E 01 
1 .856F  01 
I.R90E 01 
1 . 5 0 5 ~  n i  
1 . 7 8 4 ~  n1 
1 . ~ 2 2 ~  n1 
1 . ~ 7 3 ~  ni
i 6.017E i0 6.347E 00 6 . 5 7 5 E  00 6.747E 00 , zsuu 3 C O C  3500 
I 450C 6.88YE 00 I 7.036E 00 I 
I . Z L L E  02 
1.393E 0 2  
1.61bE 02 




2 . 3 4 0 E  01 
2.686E 01 
1.901E 0 2  1 2.253E 0 2  8 .298E 00 8.761t  00 1 3 . 1 2 6 ~  n 1  3.670E 01 
4 . 3 0 4 E  01 
4.999E 01 
5 . 1 2 2 E  01  





9.276E 00  
2.663E 02 
3.107E 02 
3.562t  02 
3.997t  02 
I . L 5 l t  c0 
1 . 3 5 5 t  00 
1 . 4 1 7 t  00 9.020E 00 











5 . 4 6 0 t  02 
5.589t 0 2  
5.719E 0 2  
5 . 8 5 1 t  0 2  
5.987E 02  
1 . 8 8 3 E  01 
L.YhlE 01 
2 . 0 7 I E  01 
Z.nh7F 01 















3 . 7  7 d t - 0 2  
4.770E-02 
7 .021E 00 
b.797E 0 0  
6.602t  00 
6.428E 00 
6 .26 lk  00 
6 .115 t  00 
2.03LE 00 
2.053E c o  
2 . 0 7 5 6  00 
L . 0 5 d t  00 
2 . 1 4 %  U O  
2.15bE G O  
2 .  l F L t  00 
I . 2 3 5 t  c o  
2.331E 00 
2 . 3 8 1 E  GC 





2 . 2 ~ ~  00 
Z . ~ I I E  00 
z . a S n t  00 
2.979E 0 0  
3 . 0 5 9 t  CO 
3.137E 0 0  
3.L13E 00 
3.2b5E O C  
3.353E 00 
















1 6 O O C  
16500  
l7C00 
6.587t 02 I 6.744E 02  5 .527 t  00 5 . 3 7 8 t  00 I 1.962E 01 1.979E 01 ~~ 
6.902E 02  
7.060t  02 
7.216E 0 2  
1.995E 01 





l F O O 0  
I . 2 8 2 t  02 
L.3l5E 02 
1 . 3 4 8 E  02 
1.38OE 02 
L.4L2E 0 2  
L.442E 02 
1.471E 02 
2 . 0 3 7 ~  01 
2.047E 01 
2.055E 0 1  
2 .06LE 01 
? . O b + €  01 
2.065E 01 
2.064E 0 1  
2 . O b l E  01 
2.05hE 01 
2 . 0 4 9 E  01 
2.040F 01 












I.Eb3E 01  
L.fl52k 01 
1 . 9 7 1 ~  n i  
1 . 8 9 7 ~  01 
4.750E 00 
4 . 5 8 8 t  00 
4.4246 00 
4 . 2 6 3 E  00 
4 . 1 0 3 E  G O  
3.948t  00 
3.654E C C  
3 . 5 1 8 E  00 
3 .267E 00 
3.154E GO 
3 . 0 4 8 E  0 0  
2.949E 00 
2.858E 
C O  ~ 2 .715E 00
3 . 7 ~ e ~  c o
3 . 3 8 ~ ~  00 
I 19500 
L O O 0 0  
2 0 5 0 6  
2lOOO 
L l 5 O C  
I L Z O O O  
L Z 5 0 C  
2 3 0 0 0  
2 3 5 0 C  1.577E 02 
1.600E 02  
1.623F 02  
1.644E 02 
1.664E 02 
1 . 6 8 4 ~  02 
I 24000 
2 4 5 0 0  
2500C 
25500 
3 . 1 1 Y E  00 
3.479E 00 
3 .535E oc 




2 .626E 00 
2.561E 00 
L . 7 O Z E  02  
1.720E 02 
L . 7 3 7 E  02 
2 . 5 0 1 E  00 
2.445E 00 I 8.729E 02 8 . 7 5 2 E  02 
E . 7 1 4 E  02 
8.795E 02 
8 . 8 3 7 E  02 
8.858E 02 
8.879E 02 
M.d99E 0 2  
8.92OE 0 2  
8.9406 02 
8 .960 t  02 
8 . 8 1 7 ~  02 
i 1 5 0 C  1 2FOOC 2 .393E O C  
2 . 3 4 5 E  00 




3.850E G O  
3 . 8 6 5 t  OC 
3 . ~ 1 7 1 ~  oc 
3 . 8 ~ 1 9 ~  cc 
3 . U S 9 t  00 
3.FCBt 00 
3.516t  00 
3.913t c0 
3.93Ut a0 
3.536t C C  
3.Y41t OC 
3 .Y46t  00 
3.95UE oc 
3.955t cc 
3.958t C b  
3.46Lt 00 
3.965t O C  
I 29500 
3lrooc 
3 0 5 0 C  
31COC 
31500 




3 4 5 0 6  
3500C 
355uc 
3 6 0 U O  
3 C 5 0 C  
I 3 L C C C  




1.757F 0 1  









9 .124 t  0 2  
9.14CE 02 
9.165E 0 2  
9 .185 t  02 
9.L05E 02 
9.223E 0 2  
~ 
1.919E 02 
1.992E 02  
2.005E 02 
1.747E 01 
l .717E 01 
1.726E 01 
3 1 C G d  
3 7 5 0 C  
3t100C 
L.844E 00 I Z.OL8t 02  
2.031E 02 
2 . 0 4 4 t  02  
2.057E 02 
2.070t  02 
2 .08ZE 0 2  
~~ ~ - 
1.716€ 0 1  
1 .705E 01 
1.695E 01 
1.684F 01 
l . 6 7 3 E  01 
- 
I.8ZZE 00 
1 . 8 O L E  0 0  
L . 7 8 O E  00 
L.760E 0 0  
3.R15F 01 I 3 8 5 0 0  
3 Y O O U  
39500 
4 L C O C  
3 . 5 6 9 t  O C  
3.Y 7Zt 00  
3.G75E C C  
I .  
24 
SHOCK VARIABLES FOR NITROGEN G A S  
0 . 1  a tnosp l l e re  
R a t i o  of 
r e f l e c t e d  
t o  i n i t i a l  
ShOCK 
p r e s s u r e ,  
p5/p1 
3-041E 02  















4 - 6 3 3 E  03 
4 - 6 0 1 E  03 
4 -586E C3 
4 . 5 7 1 E  03  
4.573E 0 3  
4.568E 03 
4 . 5 l l t  C3 
4.576t 03 
4.586E 03 
4 . 5 8 4 E  03 
4.579E 03 
4.555E c 3  










3 - 7 7 4 t  03 
3.704t 03 
3.629E 03 
3.557L 6 3  











4 . 5 8 2 ~  03 
3.1354~ 0 3  
3 . 4 1 3 ~  c 3  
2.818E 03 
2 - 7 8 3 t  03 
2.157E 03 
i .732E 03 
2.701E 0 3  
2.672E 03 
2.648t 0 3  






R e f l e c t e d  
s h o c k  tem- 
p e r a t u r e  




1.638t  01 
1 . Y I O E  01 
2 -116E 01 
2.274E 01 
2.409E 01 
2 - 5 3 7 E  01 
2.672E 0 1  
2 . 8 2 0 t  01 
2 -990E 01 
3.111t 01 
3.358E 01 




5.32YE 01  








7 . L l l t  01 
7.357t 01  
7.512t 0 1  
7.680E 0 1  
7 . 8 4 8 ~  01 
n . o i 8 E  01 
8.2OOE 01 






9.639t 01  
9.878E 01 
1.014E 02  
1.042E 0 2  
1.072E 02  
1.104E 02 
1 . 1 3 8 E  02 
1.173E 02  
1.209E 02  
I . 2 4 5 E  02  
I.282E 02  
1.316E 02  
1.352t 02  
1.388t 02 
1.413E 02 
l.456E 02  
1.4137~ 02  
1 . 5 1 ~ 4 ~  02 




1-640E 02  
1.612E 0 2  
1.69% 02  
1 -717E 02  
1.760E 02 
1.779E 02 
1-8OOE 02  
1 . 7 3 ~ 1 ~  02  
1.819~ 0 2  
1 . 8 3 8 ~  02  
1.8576 02 ~ .- 
l . 8 7 5 t  02 
1.894E 02  
1.915E 02 
1.930E 02  
1.947E 02 
1.967E 02  
~ - 
R e f l e c t e d  
Shock den- 




2.566E 01  
2.786E 01 
j . o i 5 E  OI 
3.247E 01 





5 . 8 5 3 E  01 
6.010E 01 
5.911E 01 
5 -528E 01 
4.873E 01  
4.177E 01 
4 . 9 8 1 ~  01 
~ - ..
3-720E 01 













I . L 7 5 E  01 
1.575E 0 1  
1.479E 0 1  












6 -545E 00 


























3 . I L 8 E  00 
shock  en- 
t ha  1py 
r a t : o ,  
hshl 
1.540E 0 1  
1.990E 01  






4.772E 01  




8 . l O 9 E  01 
8.787E 01 
9.629E 01  
1.063E 02  
1.136E 0 2  
l . l t l6E 02 
1.22Ot 0 2  
1.247E 02 ~~ 
1.270E 0 2  
1.292E 02  




1.409E 0 2  
1 . 4 3 6 E  0 2  
1 .463E 02 ~ ~~ ~ 
1.491E 02 
1 -520E 02  
1.549E 02 
1.578E 0 2  
1.608E 0 2  
l . 6 3 8 E  02 
1.667E 0 2  
1.697E 0 2  
1.726E 0 2  
1.756E 0 2  
1 .786 t  0 2  
1.816E 0 2  
1.846E 02 
1.877E 0 2  
1.908E 0 2  
1 . 9 4 O E  0 2  
1.972E 0 2  
2.003E 0 2  
2.034E 02  
2.063E 0 2  
2.092E 0 2  
2.1ZOE 02 ~~ 
2.147E 02  
2.173E 0 2  
2.IY8E 0 2  
2.221E 02 
2 .243 t  02 
2.265t 0 2  
2.2U5t 02 
2.304E 0 2  
2.322E 02 
2.340E 0 2  
2.358E 0 2  
2.374E 0 2  
2.391E 0 2  
2.407E 0 2  
2.422E 0 2  
2.437E 02 
2.452E 0 2  
2 -466E 0 2  
2.480E 0 2  
2.494E 0 2  
2.508E 02 
2.523E 0 2  
2.536t  0 2  
2.549E 0 2  
2 - 5 6 2 t  0 2  
R e f l e c t e d  shock 
Ref 1 e c  t eu  
shock  speed 
t o  i n i t i a l  












2.278E 0 0  
2.407E 00 
2.58OE 00 

























































1 . 8 8 3 ~  01  
2.061E 01 
2.079E 01 
2 . 1 O O E  01 
~~~~ ~ 
COIi&l 'ESS - 










































































































































7.641E - 0 3  
6.439E - 0 3  
5.468E-03 
4.674E-03 




1 . 5 9 2 - 0 3  
1.410E-03 





6 .  426F-04 
5.78flE-04 
5.2 1 ZE-04 
4. n z OE -0 3 
3 . n i i ~ - o 3  
i.8ooE-03 









5 . 3 4 3 ~ - 0 5  
2.41 Z F  -04 
5 . 0 0 7 ~ - 0 4  
9 . 7 8 1 ~ - 0 4  
3 . 2 3 5 ~ - 0 3  
I .  R03E-03  
6.097E-03 
1.575€-07 
4 . 2 3 5 ~ - 0 2  
7.143F-02 
9.475E-02 














3. ~ O O E - O I  
4.2132~-01 
4. 3 9 2 ~ - n i  
4 . 5 7 3 ~ - n i  










4 .954 f -01  
4.96ZF-01 




4 . 9 8 0 ~ - 0 1  
4 . 9 n i ~ - n i  
4 . 9 8 7 ~ - 0 1  
4 . 9 9 o ~ - n i  
4 .991 t -01  
4 . 9 w t - n i  
4 . 9 9 3 ~ - 0 1  
4 . 9 9 4 ~  -01 
4.985E-01 
4 .98RE-01  
4.994F -0 1 
4 .995 t -01  
4.996F-01 
4.99hf  -01 
4 . 9 % - 0 1  
4.997E-01 
4 . 9 9 x - n i  
4 . 9 9 7 ~ - 0 1  



















i w o n  
I8500 






TABLE 11. - Concluded. HYDROD‘fNAMSC 
( f )  Initial pressure, 
~ ~ ~ 
_____ 
Tei ~ e l  - 
i t u l e ,  
T, 
0 
~ _ _ _ _ _  
i o o c  



















l i 5 0 C  
I J O O C  
1 j 5 0 L  
14000 






l 7 5 0 C  
10500 
l L 0 0 C  
19500 
r o o 0 0  
~ 0 5 0 C  
L1000 






~ 4 5 0 0  
25000 
L550C 
r 6 0 0 C  
26500 
2 1 o o c  
27500 
2800C 
2 8 5 0 0  















3 t 5 G O  
3 f C O O  
315UU 
3 8 0 0 L  
38500 
3500L 
3 L 5 U L  
4CUOL 
nooo 
i n o o o  
__ 
26 
1 . C C C t  00 
1 . O C O t  00 
1 .OCOt  00 
1.oooc 00 
1.OCOE 00 
1 . O C O t  00 












1 . 6 O l t  00 
1.125t 00 





L . 0 3 0 E  00 
2 . 0 4 5 ~  00 
2.059E LO 





2.174E 0 0  
2 . 2 C l E  0 0  





2 .4Cl t  00 
L.411E O C  
2 . 4 8 3 ~  00 
2.5~1E UC 
2.572t 00 
2.615t  00 
Z . b C 8 t  O C  
2.715t 00 
2-77Ct  00 
2-8ZLE 00 
Z . U l 4 E  00 
2 - 9 2 6 t  00 
2 - 9 7 7 t  00 
3.028t 00 
3 - 0 7 7 t  00 
3.126t 00 
3.17Lt 00 
J .L I7 t  o c  
3-2bUt 00 
3.3CLt 00 
3 . J 4 1 t  0 0  
J.414t 00 
3.418E 00 
3 . 3 1 n t  oc 
3.48Ut 00 
3.511t 00 
j . > l O t  00 
3.56nt 00 
3.>55.t  o c  
3.621t 00 
3.645t O C  
3.6OYt 00 
3 . b S l t  00 
3-  715t 00 
3.137t 0 0  
3 . l 5 9 t  00 




1 . 3 6 8 t - l n  
1.6J jE-06 
2.401 t - 0 5  
L.690E-04 
8.640E-04 




















Y. L 5 4 t - 0 1  
9. I l b t - 0 1  
8.960E-01 
3.417t-08 
n . 5 4 0 ~ - 0 3  
P . ~ B O E - O I  
n.ru i t -o i  
a .598t -01  
1 .395t -01  
8.177E-01 











4 .99 lE-01 
4.713E-01 
4.441E-01 








2 .433E-01  
2.Zbt)E-01 
2.115E-01 
I . Y 7 Z t - 0 1  
l .840E-01 
1 .116t -01  
1.601E-01 
1 . 4 Y 4 E - 0 1  
1.393t -01  







6 . 4  14E-0L  
l . o * n t - o i  
8. 3 2 u t - o ~  
5 . 8 1 ~ 1 ~ - 0 2  
‘N’ 
~ 
3 . 0 2 1 t - 1 7  
I . 2 4 n t - 1 4  




1 .885t -08  
9 - 2 0 4 t - 0 8  
3.634t -0 7 








I . 2 2  LE-03 
2.U72t-03 
3 . 2 6 7 t - 0 3  
4 . 8 1 8 t - 0 3  

















1 .535t -01  
I -670E-01 
1 .807E-01 
I . 9 4 6 t - 0 1  
2 . 2 2 3 t - 0 1  
2 . 3 6 4 t - 0 1  
2.5U5t-01 
2 . 6 4 3 t - 0  1 
2.779t -01  






3.601 t -01  
3 .695t -01  
3.783E-01 
3 .  W 6 E - 0  I 
3.Y42E-01 
4 . 0 1 4 t - 0 1  
4.08OE-OL 
4 . 1 4 Z L - 0 1  
4.199E-0 1 
4.253t -01  
4 .303t -01  
4 .350t -01  
4 .395t -01  
4 .43bt -01  
4 . 4 7 6 t - 0 1  
4.514t -01  
4 .550t -01  
4 . 5 8 4 t - 0 1  




I . ~ ~ I ~ E - O Z  






I . 0 5 I E  0 2  
1.190E 0 2  






4.351E 0 2  
4.713E 02 
5.01ZE 0 2  
5.244E 0 2  
5.422E 0 2  
5.565E 02  
5.689E 02 
5.8OlE 0 2  




6.3546 0 2  
6.468E 0 2  
6.583E 02 
6 . 7 0 0 t  0 2  
6.818E 0 2  
6.936E 0 2  
7.054E 02 
7.171E 02 
7.401E 0 2  
7 . 2 8 7 ~  02 
7.513E 0 2  
7.b24E 0 2  
7.732E 0 2  
7.83bt 0 2  
8.036E 0 2  
7 . 9 3 8 ~  02 
0 . 1 3 0 ~  O L  
n.zzit 02 
n. ja8E 02 
8.307E 0 2  
8.465E 0 2  
8.536E 02 
8.603E 02 
8.664E 0 2  
8.721E 02 
8 .774E 02 
8.822E 02 





9 . 0 4 l t  0 2  
9.069E 02  




9.18ME 0 2  
9 . 2 0 8 ~  02 
9 . 2 2 ~ 1 ~  02 
9.246E 0 2  
9 .264E 02  
9 .28 lE  0 2  
V.2Vt)E 0 2  
9.313E 0 2  
9.328E 01 
9.>40E 02 
Del,; I t y  
r a t l o ,  
P,/P, 
~ 
6 .0 i7E 0 0  
6.347E 00 
6.575E 00 
h.14t.E 0 0  





7.66CE 0 0  
7.918E 00 
8 . 1 S Z E  G O  
8.446E 00 
8.b75F C O  
8 . 8 1 6 t  00 
8.845E 00 
8 .723t  00 
8.436t 00 
8.028E G O  
7.578E 00 
7.lb5E O C  








5.4LZE 00  





4.653E C O  
4 .545t  0 0  




4 .OI IE  00 






3.545E 0 0  
3.494E 0 0  
3.356E 00  







2.655E 0 0  
2.59CE 00 
2.529E 00  
2.470k 00 
2.415E 0 0  
3.20et 00 
2.36ZE 0 0  
2.3LZE 00 
2.265E 0 0  
2 .219t  0 0  
2.176E 00 
L .135t  0 0  
2.095E 00 
2 .057t  C O  
2 . O Z O F  00 
1.950t G O  
1.917t 0 0  
1 . 8 8 5 t  00 
1.8536 C O  
1.9a4t c o  
~~ 











3 . l b l E  01 
3.560E 01 
4.OL3E 01  
4.527E 01 
5.088E 01 
5.710F 01 . ~  ~ 





9 . 2 4 6 t  01 
S.490E 01 
9.712E 01 




1.OBOE 0 7  
8 . ~ 6 5 ~  01
1.103E 02 
I .LZtE 0 2  
1.15UE 0 2  
1.114E 0 2  
l . 1 S 8 t  02 
1.223E 0 2  
L.248E 0 2  
1 . 2 7 3 ~  nz 
1.298E 0 2  
1.323E 0 2  
L.374E 0 2  





1.500E 0 2  
1.525E 0 2  




1.643E 0 2  
1.665E 02 
1 .68bE 0 2  
1.707E 02 
1 .728E 0 2  
1.748E 0 2  
L.767E 02 
1.805E 02 
1 . 7 8 6 ~  nz 
1.8ZZE 02 
1.840E 0 7  







l . 9 8 7 t  0 7  
1 . 8 7 4 ~  02 
2.OOZE 07 
2.017E 07 
2.032.E 0 2  
2 . 0 4 1 E  07 
2.062F 0) 
~~ 
P a r t ’  L l e  
speed to 
in1 t I a1 
> o m d  speed, 
u2/  ’1 
~~ 




















1.794E 01  
1.817F 01 
1.834E 01 










1 . 9 0 1 ~  n i  
1.939r n 1  
2.OOOE 01 
2.010E 01 
2 . 0 7 0 ~  01 
2.029F 01 
2 . 0 3 8 t  01 

















2 . 0 4 2 ~  01 











1 . 8 5 5 ~  n i  
1 . 8 4 1 ~  n i  






Ma c h 
number , 
M s  
. .  
3 . 7 h l F  01 
3.79ZF 01 
3.3?3F 01 
3 . 7 7 7 F  01  
3.7b5F 0 1  
3 . 8 0 5 ~  n i  
SHOCK VARIABLES FOR N l T P O G E r I  GAS 
1 a t n o s p h e r e  
R a t i o  of 
r e f l e c t e d  
t o  i n i t i a l  
shock  
p r e s s u r e ,  
F,/P, 
3.041E 02  
4.2ZIE 02  
5.410E 0 2  
6.593E 02 
1-782E C2 
8 . 9 8 9 ~  02  









3.660t  03 
4.046E C3 
4.34UE 0 3  
4.550E 03 
4.664E 0 3  
4.687t 03 
4.66Lt 03 






4 -522E 03 
4.51LE 03  
4.512E 03 
4.50St 03 
4 . 5 0 5 E  0 3  
4.493E 03 
4.484E 03  
4.474E 03 
4.46UE 03  




4 . 3 4 i E  03 
4.305E 03 





4 -012E 03 
3.956E 03 
3 .UM9t  03 
3.130E 03 
3.76Ot 03 








3.2 IJE 03 
3 . l b 4 E  03 
3- l l O t  03 
3.064E 03 
3 . O L 4 E  03 
i . 97 iE  03 
2.922E C 3  
2.M82E 03 
2.846E 03 
2.UULE 03  
2 -769E 0 3  
2 -132E 03 
2sL96E 03 
2-655E 03 
i .622E 03 
2 . 5 ~ 7 ~  03 
R e f l e c t e d  
shock  tem- 
p e r a t u r e  
r a t i o ,  
T5/T1 
1.298E 01 
1.653E 0 1  
1.970E 01 
2 -238E 01 
2.452E 01 
2.6346 01 
2.191E 0 1  
L.Y39E 01  
3.079E 01  
3.22OE 01 
3.365E 01  
3.515E 01 
3 -668E 01  
3 . U L 5 E  01 
3.993E 01  
4.1106 01  
4.3U8E 01 
4.716E 01 
5.33LE 0 1  






U - 4 3 G t  01  
U.576E 01  
U.126E 01 
8.8dlt 01  
Y.037E 01  
9.IY6E 0 1  
Y.512E 01 
9.6U5E 0 1  
9.853E 01 
1-004E 02  
1.O21E 02  
1 - 0 4 I E  02  
1.059E 02 
1.079E 02  
1.098E 02  
I .118E 0 2  
1.138E 02  
1.L51E 02  
I .  I 7 9 t  02  
1.200E 02  
I.22OE 02 
8 . 1 1 6 ~  01 
9 . ~ 5 8 ~  01 
1-241E 02 
1 -261E O L  
1.2dOE 02  
I .299E 02  
1.317E 02  
1 - 3 3 5 E  02  
1.354E 02 
1.375E 02 
1.394E 0 2  
1.413E 02  
1.433E 0 2  
1.453E 02  
1 -473E 02  
1 . 4 9 4 t  02  
1.512E 02  
1 -534E 02  
1.554t  02 
1.515E 02 
I - 5 Y 6 E  0 2  
1.6L9E 0 2  
1 - 6 4 I E  0 2  
1.663.E 02  
1.6n6t 02  
I . l I C E  0 2  
1.734E 02  
1 .759 t  02  
1.785E 02 
i . n i u  02 
1 . ~ 1 3 7 ~  02  
R e f l e c t e d  
shock  den- 
s i t y  I m t l o ,  
P d P l  
2.342E 0 1  
2-552E C 1  















4.232E 01  
3.606E 0 1  
3.189E 01  
2.911E 01  
2.725E 01 
2.485E 01 
2.401E 0 1  
2.324E 0 1  






4 . 8 4 3 ~  01 
2 . 5 8 6 ~  01 
1.87% 01 
1.817E 01  
1.757E 01 
1.697E 01 




1.398E 01  
1.176E 01 
1.123E 01 





























6 . 8 2 8 ~  00 
R e f l e c t e d  
sf.ock en- 




1.9966 0 1  
2.437E 01  
2.855E 01 
3.244E 01 
3.613E 01  
3.975E 0 1  
4.344E 01  
4.727E 0 1  
5.1446 01 
5.604E 01 
6.103E 01  
6.629E 01 
7.179E 01  
7.734E 01  
8.308E 01 
8.897E 0 1  
9 .534 t  01 
1.036E 0 2  
1 . 1 4 l E  0 2  
1.222E 0 2  
1.278E 0 2  
1.318E 0 2  
1 . 3 4 8 E  0 2  
1.372E 0 2  
1.394E 0 2  
1.414.E 0 2  
1.434E 0 2  
1.454E 0 2  
1.474E 0 2  
1.494E 02  
L.515E 0 2  
1.536E 02  
1.557E 02  
1.579E 02  
1.602E 02  
1.625E 0 2  
1.648E 02  
1.671E 02  
1.695E 02  
1.718E 0 2  
1.742E 0 2  
1.766E 0 2  
1.790E 0 2  
I . 8 1 4 E  0 2  
1.839E 0 2  
1.863E 0 2  
1.887E 0 2  
1.YlOE 0 2  
1.933E 0 2  
1.955E 02 
L.977E 0 2  
1.998E 02  
2.039E 0 2  
2.059E 0 2  
2.079E 0 2  
2.099E 0 2  
2.119E 0 2  
2 . 0 1 ~ ~  0 2
2 . 1 3 8 ~  0 2  
2.157E 0 2  
2.175E 0 2  
2.194E 0 2  
2.212E 0 2  
2.23OE 0 2  
2.248E 0 2  
2 -267E 0 2  
2 . 3 0 4 E  0 2  
2 . 2 ~ 5 ~  02  
2 -322E 0 2  
2.34IE 0 2  
2.36LE 0 2  
2 . 3 8 0 ~  0 2  
2.400E 0 2  
2.421E 0 2  
2 . 4 4 l t  0 2  
2.461E 0 2  
R e f l e c t e d  shock 
ReS lec t ed  
shocK speed 
t o  i n i t i a l  
































6 . 5 2 8 ~  00 










































L.898t 0 1  
Ccr: p r e s s -  
i t r l l i t y  
f a c t o r ,  
25 
1.000E 0 0  









. 1 9 l E  00 
. 2 4 t E  00 





. 904E 00 
















































3 .830E 00 
3 . 8 4 5 E  00 
3.867E 00 
3 .882E 00 ~~ 
3.897E 00 





3.957E O G  
; icle f r a z t i c n  




5. I 7 4 ~ - 0 2  
8.363E-02 












9 .666 t -01  
9.305E-01 
8 .834E-0  I 
R.432E-01 









6 . 5 3 0 ~ - 0 1  






4 . 5 ~ 7 ~ - 0 1  
4.1426-01 
3.92 3E-0 1 
3.493E-01 
3.28LE-01 
3 . 7 0 7 ~ - 0 1  





I . 3 2 I E - 0 1  
I .198E-01 





6.3 l 9 E  -02  
5.640s-02 
5 . 0 0 5 ~ - 0 2  
4 . 4 4 1 6 - n ~  
3.9146-02 
3 . 4 4 7 ~ - n 2  





1 .483E -02  
1.273E-02 
1.093E-02 
5.7hME- l l  
4.57 R E  -09 
7.171F-QR 
5 . 9 3 9 ~ - 0 7  
2. S O ~ E - M  
I .  5566-06 























5 . 9 2 7 ~ - 0 3  
i . 6 3 ~ ~ - n i  
1 .03ht-n i  
1 .939t-01 
















3 . 0 3 9 ~ ~ 0 1  
? . 2 5 3 ~ - n i  
3.8hiE-nI 
4. w i ~ - n i  
~ . L Z ~ F - O I  
4 . ~ 7 3 t - n i  
4 . 1 3 9 ~ - 0 1  
4.201F-01 
4 .4O lF -01  




b .hR4E-01  
4 . 5 h w - 0 1  
4. ~ I R E - O I  
4. 7506-01 
4. 1 7 8 t - n ~  
4.8496-n i  
4 .  R 0 4E - 0  1 






4 . 9 1 4 ~ - n i  







( b )  Argon. I n l t i a l  press.lre, t o  100 ati:.osphere 
Figure 2 - Concluded. 
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(t) Argon. 1ni.ti.al pressure,  to loo atmosphere. 




































I I  -
20 24 28 
Shcck  Mach nuti.ber, M, 
3 
(a) N i  trogcrl. 
Figurle 6. - L ) c ~ i u i  t , y  r a t i o  a c r o s s  p r i r n i i r y  st iock wave a:; f u r i c t l  on  of primary shoch Mack1 num- 
ber. 

Shock Mach number, Ms 
( a )  Nltrogen. 
Figure  I .  - R a t i o  o f  r e f l e c t e d  slioch t e m p e r a t u r e  t o  t e m p e r a t u r e  ahead  of prirrlary shock wave 
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